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ABSTRACT
The oxygen  m e t a b o l i s m  and exchange*  o f  n u t r i e n t s  be tween sed im ent and 
w a t e r  w e re  s t u d i e d  on  a submerged  s a n d y  s h o a l  i n  t h e  York R i v e r ,  V i r g i n i a  
f rom M arch  t o  December 19B3. P a r t i c u l a r  e m p h a s i s  was p l a c e d  on th e  
v a r i a b i l i t y  i n  m e t a b o l i c  e s t i m a t e s  o v e r  d i f f e r e n t  t im e  s c a l e s .  V a r i a t i o n  in  
r a t e s  was  exam ined  o v e r  t h e  p h o t o p e r i o d ,  b e tw ee n  s u c c e s s i v e  sampl ing  days ,  
b e tw e e n  t i d a l  c o n d i t i o n  ( m id -d a y  h i g h  v s .  low t i d e ) ,  and among s e a s o n s .  The 
c o e f f i c i e n t  o f  v a r i a t i o n  f o r  4 t o  22 e s t i m a t e s  o f  h o u r l y  n e t  p r o d u c t i o n  (NF) 
and r e s p i r a t i o n  (R) o v e r  t h e  p h o t o p e r i o d  a v e r a g e d  2 3 I I  and 751 r e s p e c t i v e l y .  
M orn ing  NF was s i g n i f i c a n t l y  g r e a t e r  t h a n  a f t e r n o o n  NF o ver  t h e  s t u d y .  Mean 
h o u r l y  HP and R were  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  s u c c e s s i v e  days in  4 o f  
6 t e s t e ,  and 2 o f  6 t e s t e  r e s p e c t i v e l y . The c o e f f i c i e n t s  o f  v a r i a t i o n  fo r  
a v e r a g e  NP, R and c h l o r o p h y l l  a o v e r  t h e s e  tw o -d s y  p e r i o d s  ranged  from 4 t o  
431 ,  1 t o  341 and 0 t o  8 0 1 .  R was s i g n i f i c a n t l y  h i g h e r  on days w i th  mid-day  
low t i d e s  (noon  _+ 2 h o u r s } .  Mean h o u r l y  HP was 49X g r e a t e r  on days w i th  
m id -d a y  low t i d e s  and  R was 701 g r e a t e r .  H o u r ly  HP and R were s i g n i f i c a n t l y  
d i f f e r e n t  among s e a s o n s .  R p eak e d  in  summer and  NF i n  f a l l .  C o e f f i c i e n t s  
o f  v a r i a t i o n  f o r  mean h o u r l y  NF and R o v e r  t h e  s e a s o n s  were 57% and 59 t  
r e s p e c t i v e l y .  P l o t s  o f  mean h o u r l y  NF and R by month were made u s in g  a l l  
d a t a  f o r  a g i v e n  month and compared  t o  p l o t s  made by randomly s e l e c t i n g  a 
s i n g l e  m e asu re m en t  f o r  e a c h  m on th .  The l a t t e r  p l o t s  a r e  b a s ed  on 12 d a t a  
p o i n t s ,  t h e  fo r m e r  on  185 p o i n t s .  The two t y p e s  o f  p l o t s  produced  very  
s i m i l a r  a n n u a l  r a t e  e s t i m a t e s  b u t  d i f f e r e d  r a d i c a l l y  i n  t h e i r  d e p i c t i o n  of  
s e a s o n a l  c h a n g e s .
W i t h i n  o p a q u e  domes,  h o u r l y  f l a x e s  o f  ammonium and p h o s p h a te  ranged  
from -21  ( u p t a k e )  t o  364 u g - a t  H m and -3  t o  76 u g - a t  P m , N i t r a t e  + 
n i t r i t e  f l u x e s  w e re  g e n e r a l l y  s m a l l  and  e r r a t i c ,  c o m p r i s in g  an ave rage  o f  
o n l y  1ST o f  t h e  t o t a l  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  f l u x .  R e le a s e e  of  
ammonium and p h o s p h a t e  p eak e d  in  summer,  were  an e x p o n e n t i a l  f u n c t i o n  of 
t e m p e r a t u r e ,  and a l i n e a r  f u n c t i o n  o f  r e s p i r a t i o n .  W i th in  t h e  t r a n s p a r e n t  
domes,  h o u r l y  f l u x e s  o f  ammonium ra n g e d  from -1 6 2  t o  244 u g - a t  N m . 
A v e ra g e  r e l e a s e  i n  t h e  t r a n s p a r e n t  domes was o n l y  25X o f  t h e  a v e ra g e  r e l e a s e  
i n  t h e  d a r k  domes.  P h o s p h a t e  f l u x e s  were  n e a r l y  i d e n t i c a l  t o  t h o s e  in  th e  
d a r k  domes,  r a n g i n g  f rom - 6  t o  BO u g - a t  P m  * N i t r a t e  + n i t r i t e  f lu x e s  
c o m p r i s e d  an a v e r a g e  o f  17J  o f  t h e  t o t a l  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  f l u x  
o f  t h e  t r a n s p a r e n t  domes.  Ammonium f l u x e s  were  s i g n i f i c a n t l y  d i f f e r e n t  
b e t w e e n  dome t r e a t m e n t s ,  f l u x e s  o f  t h e  o t h e r  n u t r i e n t s  were no t  
s i g n i f i c a n t l y  d i f f e r e n t .
W i t h i n  t h e  d a r k  domes,  r a t i o s  o f  C:N and 0 : P  w ere  b o th  e q u a l l y  and 
a n o m a l o u s l y  h i g h  ( c a .  t h r e e f o l d ) .  The g r e a t e s t  0:N an o m a l ie s  o c c u r r e d  in 
May, The 0:N a n o m a l i e s  a r e  a t t r i b u t e d  t o  n i t r i f i c a t i o n / d e n i t r i f i c a t i o n  
p r o c e s s e s .  The anom alous  0 : F  r a t i o s  a r e  a t t r i b u t e d  t o  t r a p p i n g  of  
p h o s p h o r u s  i n t o  1r o n —m anganese  com plexes  s o r b e d  t o  s e d im e n t s  u n d e r  t h e  ox ic  
c o n d i t i o n s  a t  t h e  s t u d y  s i t e .
The s e d im e n t  i a  g e n e r a l l y  c a p a b l e  o f  s u p p l y i n g  i t s  p h o t o s y n t h e t i c  
n u t r i e n t  dem ands ,  and a l l  o f  t h e  o c c a s s i o n a l  w a t e r  column d e f i c i t s  in  
n i t r o g e n  r e m i n e r a l i x a t i o n ,  b u t  o n l y  19 -631  o f  t h e  p h o s p h a te  d e f i c i t s .
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COMMUNITY METABOLISM AMD NUTRIENT DYNAMICS OF A SHOAL SEDIMENT IN A 
TEMPERATE ESTUARY, WITH SPECIAL EMPHASIS ON SCALES OF TEMPORAL VARIABILITY
CHAPTER 1 
GENERAL INTRODUCTION
2
3The b u rg e o n in g  human p o p u l a t i o n  w i t h i n  t h e  Chesapeake Bay watershed has 
p ro d u ced  many changes  in  t h e  Bay, Some i m p a c t s ,  such as the  loss  of  
m a r s h l a n d  o r  submerged g r a s s  meadows have  been obv ious ,  o t h e r s ,  such as the 
i n t r o d u c t i o n  o f  t o x i c  compounds and e x c e s s  n u t r i e n t s ,  have had more s u b t l e  
e f f e c t s .  Concern  o v e r  t h e  e n v i ro n m e n ta l  d e g r a d a t i o n  of  the  Chesapeake Bay, 
and t h e  d e t e r m i n a t i o n  to  e f f e c t  a " c l e a n - u p "  have r e c e n t l y  become n a t i o n a l  
i s s u e s .  Whi le t h e  p r e s s i n g  n a t u r e  of  t h e  problems i s  obv ious ,  t em pera te  
e s t u a r i e s  such  a s  t h e  Chesapeake Bay and i t s  t r i b u t a r i e s  a r e  very complex 
s y s t e m s .  Our s c i e n t i f i c  u n d e r s t a n d i n g  o f  t h e s e  systems i s  not keeping pace 
w i t h  t h e  r a t e  a t  which we a l t e r  t h e i r  n a t u r a l  f u n c t i o n i n g .  The lack o f  
u n d e r s t a n d i n g  o f  t h e  b a s i c  n a t u r a l  p r o c e s s e s  o c c u r r i n g  in  the  Bay hampers 
o u r  a b i l i t y  t o  a s s e s s  change  in  t h e s e  p r o c e s s e s .  With r eg a rd  to  n u t r i e n t  
e n r i c h m e n t ,  f o r  example ,  much o f  t h e  Chesapeake  Bay, p a r t i c u l a r l y  t h e  upper 
Bay,  i s  a l r e a d y  m o d e ra t e l y  to  h e a v i l y  e n r i c h e d  (H e in le  e t  s i .  1980). 
However,  some lower  Bay e s t u a r i e s  such  a s  t h e  York R iv e r ,  a r e  s t i l l  
r e l a t i v e l y  u n a f f e c t e d ,  a f f o r d i n g  t h e  o p p o r t u n i t y  to  examine unimpacted 
e s t u a r i n e  p r o c e s s e s .
E s t u a r i e s  such  as t h e  York K iv e r  a r e  comprised  o f  sm a l l e r  i n t e r a c t i n g  
e c o s y s t e m s  such  as s a l t  m a rs h e s ,  s e a g r a s s  b e d s ,  u n v eg e ta te d  submerged 
s e d i m e n t s ,  i n t e r t i d a l  f l a t s  and an e x t e n s i v e  w ate r  column. R e la t i v e  t o  the  
a r e a  o f  p e r m a n e n t l y  submerged b o t to m ,  t h e r e  i s  l i t t l e  unvege ta ted  i n t e r t i d a l  
a r e a ,  The submerged b e n th o s  can  be s u b d iv id e d  in to  s hoa l  a reas  w i t h i n  the  
e u p h o t i c  zone {£ 2 w d e e p ) ,  and d e e p e r ,  a p h o t i c  bottom. The l e a s t  s t u d i e d  
m a jo r  e c o s y s te m  component of  t h e  York R i v e r ,  i n  terms o f  primary p ro d u c t io n  
and n u t r i e n t  dynamics i s  t h e  l a r g e  s u b t i d a l  ben t  hie a r e a  unvegeta ted  w i th  
m a c r o p h y t i c  v e g e t a t i o n .
4The a n n u a l  p r o d u c t i o n  of  b e n t h i c  m i c r o f l o r a l  com m u n i t ie s  in  s u b t i d a l
- 2  -1h a b i t a t s  w i t h o u t  m a c r o p h y t i c  v e g e t a t i o n  r a n g e s  f rom 100 t o  280 g C m y
(M a r s h a l l  e t  a l .  1971;  N o v ick l  and  Nixon 1985; R iz z o  and W etze l  1905) .  This
range  a l s o  encom passes  t h e  a n n u a l  p r o d u c t i o n  e s t i m a t e s  r e p o r t e d  f o r  b e n t h i c
m i c r o f l o r a  i n  s e d i m e n t s  o f  s a l t  m a r s h e s  (Pomeroy 1959;  Whi tney and D ar ley
1981; van K a a l t e  e t  a l .  1976; Z e d l e r  19B0; R iz z o  and W etze l  1965) ,
i n t e r t i d a l  a a n d f l a t s  (R iz nyk  and P h in n ey  1972a;  Riznyk e t  a l . 1978; Ru tge rs
van de r  L o e f f  e t  a l .  1981 ;  R izzo  and Wetzel  1 9 8 5 ) ,  i n t e r t i d a l  m u d f l a t s
(Riznyk and  Ph inney  1972a ;  Cadee and Hegeman 1974; J o i n t  1978;  B a i l l i e  and
Welsh I960 ;  van  Es 1962;  C o l i j n  and de  Jonge  1984;  Rizzo  and Wetzel  1985) ,
and submerged g r a s s  meadowe (M urray  1963; R iz z o  and Wetze l  1 985 ) .  Lower
- 2  - 1annua l  r a t e s  o f  b e n t h i c  t n i c r o f l o r a l  p r o d u c t i o n ,  65 -100  mg C m y , a r e  
□cease i o n a l l y  r e p o r t e d  ( G a l l a g h e r  and  D s i b e r  1974;  Cadee and liegeman 1977;
J o i n t  1978; van  Es 1982;  C o l i j n  and de Jonge  1984;  V a re la  and Penas 1985) ,
- 2 - 1  . b u t  r a t e s  l e s s  t h a n  65 mg Cm y have  been r e p o r t e d  o n l y  from an i n t e r t i d l
m u d f l a t  (Leach  1970) and  a sand  b e a c h  ( S t e e l e  and B a i rd  1 970 ) .  C o n s id e r in g
t h e  v id e  r a n g e  of  m e t h o d s ,  s e d im e n t  e n v i ro n m e n t s  and g e o g r a p h i c  l o c a t i o n s
r e p r e s e n t e d  by t h e s e  s t u d i e s ,  t h e  s i m i l a r i t y  o f  t h e  annua l  r a t e s  i s
s t r i k i n g .  While f i n e r  s e d i m e n t s  h a v e  r e l a t i v e l y  g r e a t e r  c o n c e n t r a t i o n s  of
m o t i l e ,  s u s p e n d a b l e  d i a t o m s  (G a rg a s  1970;  Round 1 9 7 1 ) ,  and may have
r e l a t i v e l y  g r e a t e r  r e s p i r a t i o n  t h a n  g r o s s  p r o d u c t i o n  (and t h e r e f o r e  lower
g r o s s  p r o d u c t  i o n : r e s p i r a t i o n  r a t i o s )  than  c o a r s e r  s e d i m e n t s  (Riznyk and
Phinney 1972a;  S h a f f e r  and Gnuf 1 9 8 3 ) ,  r e c e n t  s t u d i e s  h a v e  shown t h a t
s t a t i o n s  d i f f e r i n g  i n  se d im e n t  g r a i n  s i z e  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t
in  h o u r ly  r a t e s  o f  g r o s s  p r o d u c t i o n  ( S h a f f e r  and  Onuf 1 9 8 3 ) ,  and t h a t  f i v e
d i f f e r e n t  t y p e s  o f  h a b i t a t s  r e p r e s e n t i n g  b o th  c o a r s e  and f i n e  sed im ent  ty p e s
5and bo th  i n t e r t i d a l  and s u b t i d a l  e l e v a t i o n s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t
in  e i t h e r  g r o s s  p r o d u c t i o n  o r  r e s p i r a t i o n  (R iz zo  and Wetze l  1985).
Many v a r i a b l e s  i n f l u e n c e  p r im a ry  p r o d u c t i o n  by the  b e n t h i c  m i c r o f l o r a l
community.  L i g h t  i s  t h e  f a c t o r  most  f r e q u e n t l y  c i t e d  aa H a l t i n g  t o
m i c r o f l o r a l  p r o d u c t i o n .  L i g h t  l i m i t a t i o n  may r e a u l t  from many f a c t o r s
i n c l u d i n g  w a t e r  column t u r b i d i t y ,  s e a s o n a l  changes  in i r r a d i a n c e ,
c o m p e t i t i o n  from p h y t o p l a n k t o n , s ed im en t  g r a i n  s i z e  ( l i g h t  p e n e t r a t i o n  i s
reduced  in f i n e r  s e d i m e n t s ) ,  e l e v a t i o n  a n d / o r  w a t e r  d e p th  (Famatmat 1968;
Gargas  1970;  Leach  1970; F enche l  and S t a a r u p  1971;  M a r s h a l l  e t  a l .  1971;
Hickman and Round 1970; Riznyk and Ph inney  1972a;  1972b; A dmiraa l  1977a;
Amspoker 1977;  Cadee and Hegeman 1977; J o i n t  1978; Admiraa l  and P e l e t i e r
1980; S h a f f e r  and Onuf 1 983) ,
T em p era tu re  may a l s o  a f f e c t  p h o t o s y n t h e s i s  by a f f e c t i n g  t h e  a c t i v i t y  of
t h e  en zy m a t ic  r e a c t i o n s  which  f i x  CO^ i n t o  o r g a n i c  m a t t e r ,  When t h e r e  i s
s u f f i c i e n t  l i g h t  to  s a t u r a t e  t h e  p h o to s y s t e m s  of  t h e  m i c r o f l o r a l  c e l l s ,
t e m p e r a t u r e  can  l i m i t  o r g a n i c  m a t t e r  p r o d u c t i o n .  S t u d i e s  o f  the  e f f e c t s  o f
t e m p e r a t u r e  on b e n t h i c  m i c r o f l o r a l  p r o d u c t i v i t y  d i f f e r  in  t h e i r  f i n d i n g s ,
however .  Some in  a i t u  m easu rem en ts  have shown s i g n i f i c a n t  c o r r e l a t i o n s
between  p r o d u c t i o n  and t e m p e r a t u r e  (Leach  1970;  Cadee and Hegeman 1974) .
Another  s tu d y  found  t e m p e r a t u r e  and l i g h t  to  be s i g n i f i c a n t  c o n t r o l s  on
g r o s s  p r o d u c t i o n  a t  one s t a t i o n ,  w h i l e  o n ly  l i g h t  was s i g n i f i c a n t  a t  two
o t h e r  s t a t i o n s  (Famatmat 1966) ,  I n  l a b o r a t o r y  s t u d i e s ,  t h e  h i g h e s t  d i v i s i o n
r a t e s  o f  s i x  s p e c i e s  o f  b e n t h i c  d ia to m s  o c c u r r e d  a t  the  h i g h e s t
t e m p e r a t u r e s ,  b u t  d i v i s i o n  r a t e s  were  s i m i l a r  among the  s p e c i e s  and
o v e r  t h e  t e m p e r a t u r e  ra n g e  t e s t e d  (4 -  25 C) (Admiraal  and P e l e t i e r  1980) .
At f i x e d  l i g h t  i n t e n s i t i t e s , Leach (1970)  found t h a t  t e m p e r a t u r e  was h i g h l y  
14c o r r e l a t e d  w i t h  C u p t a k e ,  bu t  C o l i j n  and van Buurt  (1975)  r e p o r t e d  o n l y  a
6103 i n c r e a s e  in  p h o t o s y n t h e s i s  between 4 and 20 C when l i g h t  was p rov ided  a t  
a s a t u r a t i n g  i n t e n s i t y .
O ther  f a c t o r s  a f f e c t i n g  b e n t h i c  m i c r o f l o r a l  p roduc t ion  include g r a z i n g ,  
h y d r o l o g i c  e f f e c t s  and n u t r i e n t s .  Although g r a z i n g  i s  f r e q u e n t l y  p o s t u l a t e d  
t o  a c c o u n t  f o r  s e a s o n a l  changes  in ben th ic  m i c r o f l o r a l  abundance (Hickman 
and Round 1970; Cades and Hegeman 1974; G a l l a g h e r  and Daiber  1974; van 
R a a l t e  e t  a l .  1976; Admiraa l  1977b; J o i n t  1978;  Admiraal and P e l e t i e r  1980),  
and t h e  im p o r tan ce  o f  b e n t h i c  m ic ro f  l o r a l  p ro d u c t io n  in  the  n u t r i t i o n  of  
g r a t e r s ,  from p r o t o z o a  to  f i s h e s  i s  widely r e p o r t e d  (Odum 1966; Admiraal 
1977b; Wetze l  1977;  Pace e t  a l .  1979; Weisberg and L o t r i c h  1982), few 
i n v e s t i g a t o r s  have examined g r a z i n g  e f f e c t s  on the m i c r o f l o r a l  community.
On an i n t e r t i d a l  m u d f l a t ,  g r a z i n g  by the mud s n a i l  I l v a n a s s a  o b s o l e t e , was 
s u f f i c i e n t  to  consume v i r t u a l l y  a l l  the  d a i l y  ne t  p roduc t ion  of the m u d f la t  
m i c r o f l o r a  {Pace e t  a l .  1979) ,  and removal o f  mud s n a i l s  t y p i c a l l y  r e s u l t s  
i n  immedia te i n c r e a s e s  in sed im en t  c h l o ro p h y l l  s and/or  c e l l  numbers 
( N ic h o l s  and R o b e r t so n  1979 ; Pace e t  a l .  1979 ; Ludvig 1982),
H y d ro lo g ic  c o n d i t i o n s  a l s o  a f f e c t  b e n t h i c  metabolism through 
r e s u B p e n s io n  of  s e d im e n t s  by waves and t i d a l  c u r r e n t s ,  Cadee and Hegeman 
(1974)  p roposed  t h a t  s p o r a d i c  h i g h  winds cau s ed  the random f l u c t u a t i o n s  of 
c h l o r o p h y l l  a c o n c e n t r a t i o n  in  an i n t e r t i d a l  mudf la t  sed im en t .  Other 
a u t h o r s  have a l s o  n o te d  g r e a t e r  b e n t h ic  m i c r o f l o r a l  p roduc t ion  in s h e l t e r e d  
a r e a s  ( S t e e l e  and B a i rd  1968;  Gargas 1970). Q u a n t i t a t i v e  evidence of  s torm 
im pac ts  on b e n t h i c  m i c r o f l o r a l  p ro d u c t io n  i s  s c a rc e ,  but  a s tudy in  a 
s o u t h e r n  C a l i f o r n i a  lagoon which exper ienced  a severe sto rm shoved t h a t  
s t o r m - r e l a t e d  d e p o s i t o n  of  f i n e  sed iments  over  a formerly sandy a rea  
r e s u l t e d  i n  d e c r e a s e d  community g ros s  p r o d u c t i o n ,  in c re as ed  community
7r e s p i r a t i o n  and r e p l a c e m e n t  o f  t h e  d ia to m  community w i th  a b l u e - g r e e n  
c y a n o b a c t e r i a l  communi ty  ( S h a f f e r  1 9 8 4 ) .
S i n c e  s e d im e n t s  a r e  g e n e r a l l y  assumed to  be n u t r i e n t - r i c h  (R iz nyk  and 
P h in n ey  1972b; de Jonge  1980) r e l a t i v e l y  l i t t l e  a t t e n t i o n  h a s  been  g iv e n  t o  
t h e  n u t r i e n t  dynam ics  o f  b e n t h i c  m i c r o f l o r a l  c o m m u n i t i e s .  A r t i f i c i a l  
f e r t i l i z a t i o n  o f  s a l t - m a r s h e s  has  had  d i f f e r i n g  e f f e c t s  on b e n t h i c  
m i c r o f l o r a l  p r o d u c t i o n .  in  a y e a r - l o n g  s tudy  o f  a dwarf  S o a r t i n a  
a l t e r n i f l o r a  m a r s h ,  n i t r o g e n  was l i m i t i n g  in summer and p h o s p h o ru s  in  w i n t e r  
( S u l l i v a n  and D a i b e r  1 9 7 5 ) .  However ,  in  a l a t e  summer s t u d y ,  E s t r a d a  e t  a l .  
(1974) found  no c h a n g e s  in  m i c r o f l o r a l  biomass in  e i t h e r  s h o r t  o r  t a l l  S^ . 
a l t e r n i f l o r a  m a r s h e s .  S h o r t - t e r m  f e r t i l i z a t i o n  e x p e r i m e n t s  i n d i c a t e d  
n i t r o g e n  l i m i t a t i o n  in  s h o r t  S.. a l t e r n i f l o r a  m a r s h e s ,  b u t  n o t  in  c r e e k  bank 
m a rs h es  (D ar ley  e t  a l . 1981) .
S h a f f e r  and Onuf (1981)  r e c e n t l y  measured g r o s s  p r o d u c t i o n  a t  17 
i n t e r t i d a l  and s u b t i d a l  s t a t i o n s ,  and c a l c u l a t e d  r e g r e s s i o n s  o f  g r o s s  
p r o d u c t i o n  on s i x  in d e p e n d e n t  v a r i a b l e s  ( s o l a r  r a d i a t i o n ,  w a t e r  t e m p e r a t u r e ,  
s e d im e n t  s i z e ,  c h l o r o p h y l l  a ,  i n i t i a l  oxygen c o n c e n t r a t i o n  and r e s p i r a t i o n  
r a t e ) .  They showed t h a t  each  i n d e p e n d e n t  v a r i a b l e  was moat  i m p o r t a n t  in 
e x p l a i n i n g  v a r i a t i o n  i n  g r o s s  p r o d u c t i o n  r a t e  on a t  l e a s t  one  o f  t h e  tw e l v e  
s tu d y  d a t e s .  R iz z o  and W etze l  (19B5)  a l s o  found s i g n i f i c a n t  d i f f e r e n c e s  i n  
g r o s s  p r o d u c t i o n ,  r e s p i r a t i o n  and c h l o r o p h y l l  a among f i v e  i n t e r t i d a l  end 
s u b t i d a l  h a b i t a t s  on i n d i v i d u a l  s a m p l in g  d a t e s ,  though  t h e s e  h a b i t a t s  were  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  o v e r  t h e  e n t i r e  s t u d y .  In  a d d i t i o n ,  R izzo  and 
Wetze l  (1965)  fo u n d  s i g n i f i c a n t  d i f f e r e n c e s  in  g r o s s  p r o d u c t i o n ,  r e s p i r a t i o n  
and c h l o r o p h y l l  a among s a m p l in g  d a t e s  f o r  e a c h  h a b i t a t  and f o r  r e s p i r a t i o n  
and c h l o r o p h y l l  a in  d a t a  p o o le d  a c r o s s  h a b i t a t s .  However,  t h e s e  t e m p o r a l  
d i f f e r e n c e s  d i d  n o t  r e f l e c t  any  o b v i o u s  s e a s o n a l  r e l a t i o n s h i p .  The s t u d i e s
8of S h a f f e r  and Onuf (1983) and Rizzo  and Wetze l  (1985)  p o i n t  o u t  the  
m u l t i p l i c i t y  o f  f a c t o r s  a f f e c t i n g  b e n t h i c  m i c r o f l o r a l  p r o d u c t i o n ,  and th e  
r a p i d i t y  w i th  which h o th  b e n t h i c  m i c r o f l o r a l  p r o d u c t i o n  and t h e  dominant  
f a c t o r e  v h i c h  c o n t r o l  p r o d u c t i o n  change over  b r i e f  s p a t i a l  and t e m p o ra l  
s c a l e s .
Even i f  n u t r i e n t s  do n o t  l i m i t  b e n t h i c  m i c r o f l o r a l  p r o d u c t i o n ,  u p ta k e  
of  n u t r i e n t s  by b e n t h i c  m i c r o f l o r a  may s t i l l  g r e a t l y  a f f e c t  t h e  exchanges  of  
n u t r i e n t s  w i th  t h e  w a te r  column* B en th ic  m i c r o f l o r a l  growth  may have 
s i g n i f i c a n t  im p a c t s  on w a t e r  column n u t r i e n t s ,  s i n c e  s ed im en t  r e l e a s e  of 
n u t r i e n t s  haH been  p o s t u l a t e d  to  c o n t r o l  w a t e r  column c o n c e n t r a t i o n s  o f  
ammonium and phospho rus  and t h u s  t h e i r  a v a i l a b i l i t y  t o  p h y t o p l a n k t o n  (Nixon 
and F i l s o n  1983) .  However, t h e  r o l e  of  s e d im e n t s  in n u t r i e n t  exchanges  w i th  
th e  w a t e r  column i n  e u p h o t i c  env i ro n m en ts  i s  n o t  w e l l  known. Few 
measu rem en ts  o f  n u t r i e n t  f l u x e s  between s e d im e n t s  and w a t e r  have been made 
c o n c u r r e n t l y  w i t h  m easurements  of  b e n t h i c  community p r o d u c t i o n .  S t u d i e s  
c a r r i e d  o u t  in  s u b t i d a l  e u p h o t i c  env i ronm en ts  show l i t t l e  s ed im en t  r e l e a s e  
of  n u t r i e n t s  when p h o t o s y n t h e s i s  i s  s i m u l t a n e o u s l y  o c c u r r i n g ,  i n d i c a t i n g  
t h a t  t h e  b e n t h i c  community r e c y c l e s  most r e m i n e r a l i z e d  n u t r i e n t s  (K a r tw ig ,  
1976; Propp  e t  a l .  1980;  Fhoe l  e t  a l .  1981) ,  However,  i n  a h e a v i l y - e n r i c h e d  
e s t u a r y  (w a te r  column ammonium c o n c e n t r a t i o n s  of  60 to  5500 u g - a t  N 1 an 
i n t e r t i d a l  s a n d f l a t  s e d im en t  to ok  up ammonium and n i t r a t e  r e g a r d l e s s  o f  th e
d i r e c t i o n  of  oxygen f l u x  and to ok  up ammonium a g a i n s t  a c o n c e n t r a t i o n
g r a d i e n t  ( R u t g e r s  van d e r  L o e f f  e t  a l ,  19B1). The a u t h o r s  conc luded  t h a t  
n u t r i e n t s  were n o t  l i m i t i n g  t o  t h e  b e n t h i c  m i c r o f l o r a  i n  t h i s  h i g h l y  
e n r i c h e d  s y s t e m ,  and t h a t  t h e  o b s e rv ed  f l u x e s  were b a c t e r i a l 1y - m e d i a t e d .
I n  c o n t r a s t ,  t h e r e  have  been a number of  measurements  o f  n u t r i e n t
f l u x e s  be tw een  s e d im en t  and w a t e r  in a p h o t i c  s e d i m e n t s .  Sed im en ts  r e l e a s e
9ammonium and p h o s p h a t e  a t  h ig h  r a t e s ,  a t  l e a s t  d u r i n g  warm months (Nixon  e t  
a l . 1976;  Boynton e t  a l .  1980;  Nixon e t  a l .  1980; Raine and P a t c h i n g  I 9 6 0 ;  
Klump and M a r t e n s  1981; C a l l e n d e r  and Hammond 1982; F i s h e r  e t  a l t  1982; 
Boynton  and Kemp 1 985 ) .  F lu x e s  o f  n i t r a t e  and n i t r i t e  a r e  g e n e r a l l y  s m a l l  
and e r r a t i c  (N ixon  e t  a l .  1976;  Klump and MartenB 1981; F i s h e r  e t  a l .  1982;  
H opk inson  and W etze l  1 982 ) ,  b u t  in  t h e  u p p e r  Chesapeake Bay,  n i t r a t e  u p t a k e  
d o m i n a t e s  i n o r g a n i c  n i t r o g e n  f l u x e s  in  w i n t e r  and s p r i n g  (Boynton  e t  a l .  
1980;  Boynton and Kemp 1985) .
In  a e r o b i c  s e d i m e n t s  ammonium r e l e a s e  i s  c o r r e l a t e d  w i th  oxygen u p t a k e ,  
a l t h o u g h  u s u a l l y  a t  r a t e s  l e s s  than  th o s e  p r e d i c t e d  by oxygen  u p ta k e  
m e a s u r e m e n t s ,  a s su m in g  R e d f i e l d  s t o i c h i o m e t r y  ( R e d f i e l d  e t  a l .  1963;
Nixon  e t  a l ,  1976;  Boynton e t  a l .  1980; Hopkinson and W etze l  1982;  Boynton 
and Kemp 1 985 ) ,  T e m p e ra tu re  a l s o  i n f l u e n c e s  n u t r i e n t  dynamics  by i n c r e a s i n g  
b o t h  a e r o b i c  and  a n a e r o b i c  r e m i n e r a l i z a t i o n  o f  o r g a n i c  m a t t e r  (H a rg rav e  
1969;  Nixon e t  a l ,  1976; Boynton e t  a l ,  1 980 ) .  In  a d d i t i o n  t o  b i o l o g i c a l  
m e t a b o l i s m ,  p h o s p h o ru s  i s  a l s o  s u b j e c t  t o  p h y s i c a l / c h e m i c a l  c o n t r o l s .  
P h o s p h o ru s  i s  t r a p p e d  in  t h e  se d im e n t s  by i n e o r p o r a t i o n  i n t o  i r o n - m a n g a n e s e -  
p h o s p h o ru s  com plexes  which a r e  sorbed  t o  t h e  sed im en ts  un d e r  o x ic  c o n d i t i o n s  
(M a r t e n s  and G o ld h a b e r  1978; Nixon e t  a l .  1980;  Klump and M arteno  1981; 
C a l l e n d e r  and Hammond 1982) ,
The r a p i d  t u r n o v e r  o f  b e n t h i c  m i c r o f l o r a l  com munit ies  ( . 1 3 - 3 . 2  
d i v i s i o n s  day  ^ V i ) H a m s  1964; Admiraal  1977a;  Admiraa l  and P e l e t i e r  1980) 
m a n i f e s t s  i t s e l f  i n  h ig h  s p a t i a l  and t e m p o ra l  v a r i a b i l i t y  in  p r o d u c t i v i t y .  
T h i s  h i g h  v a r i a b i l i t y  may be one r e a s o n  f o r  t h e  s i m i l a r i t y  in  annua l  b e n t h i c  
m i c r o f l o r a l  p r o d u c t i o n  and t h e  d i s s i m i l a r i t y  o f  t h e  a p p a r e n t  s e a s o n a l  
p a t t e r n s  among s t u d i e s .  A second cause  may be an a r t i f a c t  o f  sam p l ing  
d e s i g n .  Most s t u d i e s  m easure  me tabo l i sm  f o r  on ly  a b r i e f  p a r t  o f  th e
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p h o t o p e r i o d .  I f  s h o r t - t e r m  v a r i a t i o n  is. h i g h ,  measurement  a o n ly  a few h ou rs  
a p a r t  may g iv e  very  d i f f e r e n t  e s t i m a t e s  o f  p r o d u c t i o n  when e x t r a p o l a t e d  to  
days a n d / o r  months.  F o r t u i t o u s  sam pl ing  may a v e ra g e  o u t  some of  t h e  e f f e c t s  
of  s h o r t - t e r m  v a r i a b i l i t y  y i e l d i n g  s i m i l a r  e s t i m a t e s  of  l o n g - t e r m ,  i . e .  
annual  p r o d u c t i o n ,  b u t  e s s e n t i a l l y  random t i m i n g  o f  peaks  and t r o u g h s  in  
s e a s o n a l  p l o t s  of  h o u r l y  p r o d u c t i o n  r a t e s .  Rizzo  and W etze l  (1985) 
c a l c u l a t e d  t h a t  501 o f  t h e i r  i n d i v i d u a l  m easurements  of  h o u r l y  p r o d u c t i o n  
d e r i v e d  from s h o r t  (1 -3  h)  i n c u b a t i o n s  would p roduce  an annua l  e s t i m a t e  o f  
p r o d u c t i o n  w i t h i n  one  s t a n d a r d  d e v i a t i o n  o f  a mean d e r i v e d  from 16 annual  
p r o d u c t i o n  e s t i m a t e s  r e p o r t e d  in  t h e  l i t e r a t u r e  when m u l t i p l i e d  by t h e  
e s t i m a t e d  annual  p h o t o p e r i o d . T w e n ty - t h r e e  p e r c e n t  of  t h e  measurements  
y i e l d e d  an n u a l  e s t i m a t e s  g r e a t e r  t h a n  two s t a n d a r d  d e v i a t i o n s  from t h i s  
mean. Thus f i v e  samples  p e r  y e a r  would be h i g h l y  l i k e l y  t o  be in g e n e r a l  
ag reem en t  w i th  an n u a l  p r o d u c t i o n  v a l u e s  in  t h e  l i t e r a t u r e ,  b u t  a l s o  
s u f f i c i e n t  t o  p roduce  an o u t l y i n g  v a l u e ,  a v a l u e  which  c o u ld  be i n t e r p r e t e d  
as a s i g n i f i c a n t  peak  or  t r o u g h  in  a s e a s o n a l  p l o t  o f  changes  in  h o u r l y  
p r o d u c t i o n  r a t e s .  T h e r e f o r e ,  t h e  s e a s o n a l  ( i . e .  m o n th - to -m o n th )  changes  
t y p i c a l l y  r e p o r t e d  may a c t u a l l y  be e q u i v a l e n t  to  changes  o v e r  h o u r s ,  d a y s ,  
o r  t i d a l  c o n d i t i o n s  s i n c e  sam p l in g  d e s i g n s  se ldom i n t e g r a t e  v a r i a b i l i t y  in  
p r o d u c t i o n  on th e s e  s c a l e s .  A c c u r a t e  d e s c r i p t i o n  o f  s e a s o n a l  changes  in 
p r o d u c t i o n ,  and b e t t e r  e s t i m a t e s  of  a n n u a l  p r o d u c t i o n  r e q u i r e  c o n s i d e r a t i o n  
of  t h e  imbedded s c a l e s  o f  t e m p o r a l  v a r i a b i l i t y .
Changes over s h o r t  t im e  s c a l e s  have r e c e i v e d  l i t t l e  a t t e n t i o n ,  but  
a v a i l a b l e  r e s u l t s  i n d i c a t e  h ig h  v a r i a b i l i t y .  Over t h e  p h o t o p e r i o d ,  changes  
in  s a l t - m a r s h  b e n t h i c  m i c r o a l g a l  p r o d u c t i v i t y  ra n g e  from s i x  t o  t e n f o l d  in 
a t a l l  S.  a l t e r n i f  l o r a  marsh ,  and about  tw o f o ld  in  a dwar f  il .  a l t e r n  i f  lo r  a 
marsh ( G a l l a g h e r  and D a ibe r  1 9 7 3 ) ,  Week- to-week t i d a l  changes  a l s o  a f f e c t
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b e n t h i e  m i c r o f l o r a l  p r o d u c t i o n .  B e n th ic  m i c r o a l g a l  p r o d u c t i o n  on 
p e rm a n e n t ly  submerged aand s h o a l s  was g r e a t e r  on days w i th  mid-day low t i d e s  
t h a n  days  w i t h  m id-day  h ig h  t i d e s  due t o  improved l i g h t  c o n d i t i o n s  (Marshall  
e t  a l .  1 971 ) .
In c o n t r a s t  t o  many e s t u a r i e s  where most  o f  t h e  s u b t i d a l  bottom is  
a p h o t i c  and dom ina ted  by a h e t e r o t r o p h i c  community (Nixon and P r i s o n  1903),  
e s t u a r i e s  such  as  t h e  York R i v e r  have  l a r g e  s hoa l  a r e a s  s u p p o r t i n g  
a u t o t r o p h i c  com m u n i t ie s .  Because  o f  t h e  l a r g e  a r e a l  e x t e n t  of  t h e s e  s h o a l s ,  
t h e y  may g r e a t l y  a f f e c t  t h e  p r im a r y  p r o d u c t i o n  and t h e  n u t r i e n t  dynamics of  
t h i s  e s t u a r y .  The p u rp o s e  of  t h i s  s tu d y  v a s  t o :  1.  D e te rm ine  the  magnitude
o f  t h e  community p r o d u c t i o n  o f  a s h o a l  s e d im e n t ;  2, De te rm ine  the  magnitude 
o f  t h e  e xcha nges  o f  n u t r i e n t s  be tween  t h e  s ed im en t  and t h e  w a te r  column; 3. 
E v a l u a t e  t h e  e n v i ro n m e n ta l  f a c t o r s  r e g u l a t i n g  community p ro d u c t i o n  and the  
exchanges  o f  n u t r i e n t s ;  4 ,  E v a l u a t e  t h e  changes  in r a t e s  of  h o u r ly  oxygen 
m e ta b o l i s m  o v e r  t e m p o ra l  s c a l e s  of  h o u r s  ( p h o t o p e r i o d ) ,  days ( d a y - t o - d a y ) ,  
t i d e s  ( v e e k - t o - v e e k )  and s e a s o n s .
CHAPTER 2
TEMPORAL VARIABILITY IN OXYCEH METABOLISM Op AN ESTUARINE SHOAL SEDIMENT
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I n t r o d u c  t  Lon
E s t u a r i e s  a t e  p r o d u c t i v e  eco s y s te m s  whose f u n c t i o n i n g  i s  h e a v i l y  
i n f l u e n c e d  by th e  m e tabo l i sm  o f  m i c r o s c o p i c  o r g a n i s m s .  Temporal  v a r i a b i l i t y  
in t h e  m e ta b o l i s m  of m i c r o a u t o t r o p h i c  and h e t e r o t r o p h i c  communit ie s  has 
immedia te  co n seq u en c es  f o r  m a t e r i a l s  c y c l i n g  and e n e r g y  f lo w  s i n c e  t h e s e  
com muni t ies  a r e  t i g h t l y  c o u p l e d .  Knowledge of  b o th  t h e  m a g n i tu d e  and th e  
t e m p o ra l  v a r i a b i l i t y  of  p r o d u c t i o n  and consum pt ion  by m ic ro o rg a n i s m s  a r e  
c r i t i c a l  to  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  f u n c t i o n i n g  of  e s t u a r i e s .  
U n f o r t u n a t e l y ,  few i n v e s t i g a t i o n s  have a d e q u a t e l y  a d d r e s s e d  te m pora l  
v a r i a b i l i t y  i n  t h e  e s t i m a t i o n  o f  r a t e  p r o c e s s e s  a s s o c i a t e d  w i th  
m i c ro o rg a n i s m s  o r  the  c o n s e q u e n c e s  o f  s u b s e q u e n t  e x t r i p o l a t i o n  o f  
measurements  to  d i f f e r e n t  s p a t i a l  o r  t e m p o ra l  s c a l e s .
C on t inuous  measurements  o f  p r im a r y  p r o d u c t i v i t y  o r  community m e ta b o l i s m  
a r e  seldom made f o r  p e r i o d s  l o n g e r  t h a n  one day .  More commonly th e  
measurement i n t e r v a l s  a r e  a few h o u r s .  However,  e s t i m a t e s  d e r i v e d  from such 
b r i e f  m easurements  a r e  o f t e n  e x t r a p o l a t e d  t o  d a i l y  r a t e s ,  t h e  d a i l y  r a t e s  
s u b s e q u e n t l y  e x t r a p o l a t e d  t o  m on th ly  e s t i m a t e s ,  and t h e  m on th ly  e s t i m a t e s  
Summed t o  c a l c u l a t e  an n u a l  r a t e s .  Less  commonly,  m easurements  o ve r  the  
p h o t o p e r i o d  a r e  made and e x t r a p o l a t i o n s  p roceed  from t h i s  p o i n t .  In 
a d d i t i o n ,  changes  in e i t h e r  h o u r l y  o r  d a i l y  r a t e  e s t i m a t e s  be tween  sampl ing  
i n t e r v a l s  a r e  o f t e n  i n t e r p r e t e d  as c hange s  a s s o c i a t e d  w i th  s e a s o n .  I f  t h e  
v a r i a t i o n  in  h o u r l y  e s t i m a t e s  o v e r  a day a n d / o r  d a y - t o - d a y  v a r i a t i o n  over  
t h e  month i s  h i g h ,  e x t r a p o l a t i o n  t o  l o n g e r  t im e  p e r i o d s  p ro d u ces  e s t i m a t e s  
w i th  l a r g e  and o f t e n  unknown c o n f i d e n c e  l i m i t s .  S i m i l a r l y ,  i n t e r p r e t i n g  
c hange s  between s i n g l e  m o n th ly  r a t e  e s t i m a t e s  as t h e  consequence  o f  changes
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on l a r g e  s c a l e s ,  i . e .  a s  s e a s o n a l  c h a n g e s ,  may be i n v a l i d  s ince  the 
d i f f e r e n c e  may r e s u l t  from a change  in  the  p r o c e s s  over  p e r io d s  of  hours or 
daye r a t h e r  t h a n  weeks o r  m o n th s .  N e v e r t h e l e s s ,  e x t r a p o l a t e d  r a t e  
measurem en ts  a r e  t y p i c a l l y  t h e  e s t i m a t e s  used  to  compare bo th  h a b i t a t s  
w i t h i n  e s t u a r i e s  a s  w e l l  as  d i f f e r e n t  e s t u a r i n e  sys tem s .  The q u es t i o n  
r e m a in s ;  How r e l i a b l e  a r e  c o n c l u s i o n s  baaed  on t h i s  type  of  comparison?
S h a l lo w  w a t e r  s e d im e n t s  s u p p o r t i n g  p h o t o s y n t h e s i s  by ben th ie  
m i c r o f l o r a  a r e  i d e a l  s t u d y  a r e a s  f o r  a d d r e s s i n g  the  tem pora l  v a r i a b i l i t y  of  
community p r o d u c t i v i t y .  Over t h e  p a s t  25 y e a r s  many measurement a of  the  
s t a n d i n g  c ro p  and p r o d u c t i v i t y  o f  b e n t h i c  m i c r o f l o r a  have been made {Pomeroy 
1959;  Pamatmat 1968; S t e e l e  and B a i rd  1968; Gargas 1970; Leach 1970;
M a r s h a l l  e t  a l .  1971; Jtiznyk and P h inney  1972a;  Cadee and Hegeman 1974;
1977; G a l l a g h e r  and D a ib e r  1974;  van  R a a l t e  e t  a l .  1976; J o i n t  1978; Hiznyk 
e t  a l .  1978;  A dmiraa l  and P e l e t i e r  1980;  B a i l l i e  and Welsh 1980; Zedler  
19B0; van  Es 1982;  Murray  1983; C o l i j n  and de Jonge 1984; S ha f fe r  and Onuf 
1983;  R izzo  and W etze l  19B5) . The e x t e n t  o f  t h e  p r a c t i c e  of  e x t r a p o l a t i n g  
h o u r l y  r a t e s  to l o n g e r  p e r i o d s  i s  i l l u s t r a t e d  by the  f a c t  t h a t  only  t h r e e  of 
t h e s e  t w e n t y -o n e  s t u d i e s  a c t u a l l y  measured p r o d u c t i o n  o ve r  the  e n t i r e  
p h o t o p e r i o d  ( S t e e l e  and B a i rd  1968;  Cadee and liegeman 1974; 1977), whi le  ten  
r e p o r t  d a i l y  r a t e s  and 18 r e p o r t  an n u a l  r a t e s .  S ince  e x t r a p o l a t i o n  of 
s h o r t - t e r m  e x p e r i m e n t a l  m easu rem en ts  to  l o n g e r  p e r io d s  of  t ime is v i r t u a l l y  
u n a v o i d a b l e  due t o  v a r i o u s  l i m i t a t i o n s ,  e s t i m a t e s  of  t h e  v a r i a b i l i t y  of such 
measu rem en ts  over  s h o r t  t ime s c a l e s  a r e  needed  in o r d e r  t o  a s s e s s  the  
e f f e c t s  o f  e x t r a p o l a t i o n s  on e s t i m a t e s  of  t h e  magni tude  of  p rocesses  and the  
changes  in t h o s e  p r o c e s s e s  over  l o n g e r  t ime i n t e r v a l s ,  i . e .  annual s c a l e s .
T h i s  s tu d y  was i n i t i a t e d  t o  i n v e s t i g a t e  t h e  v a r i a t i o n  in  measurements 
o f  h o u r l y  community m e ta b o l i s m  o f  a b e n t h i c  community over time s c a l e s  of
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h o u r s  ( v i t h i n  t h e  p h o t o p e r i o d ) , d ays  ( d a y - t o - d a y ) ,  t i d a l  c o n d i t i o n s  {week- 
t o -w e e k )  and s e a s o n s .  The v a r i a b i l i t y  in  s t a n d i n g  c r o p  o f  c h l o r o p h y l l  a 
ove r  2 t o  12 day p e r i o d s  was s l a o  exam ined .
S tudy  S i t e
The s tu d y  s i t e  v a s  a p e r m a n e n t l y  submerged sand s h o a l  in  the  York
R i v e r ,  l o c a t e d  a t  t h e  V i r g i n i a  I n s t i t u t e  o f  Mar ine S c i e n c e  a t  G l o u c e s t e r
P o i n t ,  V i r g i n i a  (37 14 'N ,  76 31"W -  F ig .  2 . 1 ) .  The York R i v e r  ia  a
t e m p e r a t e  e s t u a r y  t y p i c a l  o f  t h e  t r i b u t a r i e s  o f  the  Chesapeake  Bay.  I t  i s
2
a p p r o x i m a t e l y  50 km long and c o n t a i n s  a bou t  132 km o f  p e rm a n e n t l y  submerged 
b o t t o m ,  based  on t h e  mean low w a t e r  datum p l a n e .  Shoal  a r e a s  l e s s  t h a n  2 m 
deep a r e  v i t h i n  t h e  p h o t i c  r o n e f s u p p o r t  p h o t o s y n t h e s i s  by b e n t h i c  
t n i c r o a l g a e  and c o m p r i s e  3BI o f  t h e  bo t tom s u r f a c e  a r e a .  The a r e a  h a s  semi­
d i u r n a l  t i d e s  w i t h  a range  o f  c a .  0 .7  m. The s h o a l  s e d i m e n t s  a r e  com pr i sed  
p r i m a r i l y  o f  sand  ( 9 7 .2 1  by w e i g h t ) ,  w i th  s m a l l  amounts o f  bo th  f i n e  
s e d im e n t s  ( 1 . 8 1 ) ,  and g r a v e l  ( 1 . 0 2 ) ,
M a t e r i a l s  and Methods
S t u d i e s  o f  s e d im e n t  oxygen  m e ta b o l i s m  were  made eac h  month f rom March
t h r o u g h  December 1983,  Change in  d i s s o l v e d  oxygen c o n c e n t r a t i o n  was used  t o
c a l c u l a t e  n e t  p r o d u c t i o n  ( N P ) , and r e s p i r a t i o n  (R) i n  two t r a n s p a r e n t  and
2two opaque  p l e x i g l a s s  domes,  e a c h  c o v e r i n g  0 , 1 6  m o f  s e d i m e n t .  G ross  
p r o d u c t i o n  (GP) was c a l c u l a t e d  a s  t h e  sum o f  MF + R.  The domes were  
i n t e r n a l l y  p a r t i t i o n e d  to  p r o v i d e  w a t e r  column and s e d im e n t  + w a t e r  column 
chambers w i t h i n  t h e  same dome i n  o r d e r  t o  c o r r e c t  f o r  w a te r  column
c*
t*
4P
C
Ax
t 
M
r
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F i g u r e  2 , 1 .  L o c a t i o n  o f  t h e  s tu d y  B i t e  in the  York R iv e r ,  V i r g i n i a ,  a 
t r i b u t a r y  o f  t h e  Chesapeake  Bay. S t ip p l e d  a r e a  i n d i c a t e s  
d e p t h s  l e s s  t h a n  2 m e t e r s .
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m e t a b o l i s m .  Oxygen p robes  (Model 2710 Oxygen M o n i to r ,  O r b i s p h e r e  C o r p . ,  
G eneva ,  Stf. )  w e re  p l a c e d  in  t h e  bo t to m  chamber o f  e a c h  dome and s t i r r i n g  
rode  a t t a c h e d  t o  t h e  p robe  a s s e m b l i e s  p r o v id e d  c o n t i n u o u s  s t i r r i n g .  Oxygen 
c o n c e n t r a t i o n s  were  d e t e r m in e d  b e f o r e  and a f t e r  i n c u b a t i o n  i n t e r v a l s  t h a t  
r a n g e d  from 0 . 5 - 2 . 0  h o u r s .  I n c u b a t i o n s  were begun a bou t  2 ,5  h o u r s  a f t e r  
s u n r i s e  and c o n t i n u e d  s e q u e n t i a l l y  o v e r  t h e  p h o t o p e r i o d , u n t i l  a b o u t  1 . 0  
h o u r  b e f o r e  s u n s e t .  The s e q u e n t i a l  i n c u b a t i o n s  were  i n t e r u p p t e d  a t  3 - 4  h 
i n t e r v a l s  by pumping out  t h e  i n c u b a t i o n  w a t e r  and r e p l a c i n g  i t  w i t h  am b ien t  
r i v e r  w a t e r .  T h i s  was n e c e s s a r y  t o  p r e v e n t  s u p e r H a t u r a t i o n  o f  t h e  
t r a n s p a r e n t  domes and oxygen d e p l e t i o n  in  t h e  opaque  domes. E q u i l i b r i u m  
w i t h  am b ien t  w a t e r  column oxygen c o n c e n t r a t i o n s  was a c h ie v e d  i n  3 0 -45  
m i n u t e s .  The s e d i m e n t  s u r f a c e  was n o t  v i s i b l y  d i s t u r b e d  by t h e  f l u s h i n g  
p r o c e s s .
C h l o r o p h y l l  a. ( c h i . )  c o n c e n t r a t i o n s  w ere  d e t e r m i n e d  by e x t r a c t i n g  t h e  
t o p  1 cm o f  s e d im e n t  in  1001 a c e t o n e  o v e r n i g h t  a t  5 C { Jaco b sen  197&).  A 
s e c o n d  e x t r a c t i o n  was n e c e s s a r y  t o  a c h i e v e  c o m p le te  e x t r a c t i o n  o f  t h e  c h i .  
F o l l o w i n g  e x t r a c t i o n ,  t h e  volume was a d j u s t e d  t o  20 ml w i th  90S a c e t o n e .
C h i .  was e s t i m a t e d  s p e c t r o p h o t o m e t r i c s l l y  u s i n g  a s i n g l e  w a v e le n g th  (665 nm) 
and a p h e o p h y t i n  c o r r e c t i o n  (Riemann 197&). C o n c e n t r a t i o n s  were  c a l c u l a t e d  
u s i n g  t h e  e q u a t i o n  g iv e n  by L o re n e e n  ( 1 9 6 7 ) .  C h i .  c o n c e n t r a t i o n s  were 
d e t e r m i n e d  on eac h  o f  f i v e  c o r e  samples  ( 2 , 1 0  cm I . D . )  c o l l e c t e d  f o r  2-12 
c o n s e c u t i v e  d a y s  eac h  month e x c e p t  March,  when c o l l e c t i o n s  were made on 5 
and 15 March o n l y .
T h ree  c o r e  s am p les  f o r  o r g a n i c  m a t t e r  a n a l y s e s  were  c o l l e c t e d  on t h e  
c h i .  s a m p l in g  d a t e s  u s i n g  t h e  same s i z e  c o r e s .  The s u r f a c e  c e n t i m e t e r  o f  
t h e  Bediment was d r i e d  t o  a c o n s t a n t  w e ig h t  a t  60 C, and then  a s h ed  f o r  12
l e
h o u re  a t  500 C. The c a rb o n  c o n c e n t r a t  ions  r e p o r t e d  in t h i s  s t u d y  were 
d e t e r m i n e d  f o l l o w i n g  p r o c e d u r e s  d e s c r i b e d  in  Riaco  and Wetze l  ( 1 9 8 5 ) .
P h o t o a y n t h e t i c n l l y  a c t i v e  r a d i a t i o n  (PAR) r e a c h i n g  the  s e d im en t  s u r f a c e  
was m easured  w i t h  a LiCor  1B5A quantum r a d i o m e t e r  ( L i C o r ,  I n c .  L i n c o l n ,  HE), 
and was c o n t i n u o u s l y  r e c o r d e d .  T e m p e ra tu re s  were measured  w i t h  t h e  
t h e r m i s t o r s  w i t h i n  t h e  oxygen p robe  a s s e m b l i e s .  S a l i n i t y  was measured  w i t h  
a t e m p e r a t u r e  compensa ted  s a l i n i t y  r e f r a c t o m e t e r  (Model AO 10419 American 
S c i e n t i f i c  P r o d u c t s ,  W ash ing ton ,  D . C , ) .
The d a t a  were  t e s t e d  f o r  n o r m a l i t y  u s in g  t h e  KolmogcTOV-Smirnov t e s t  
f o r  goodness  o f  f i t  ( H u l l  and Hie ,  e d s . 1981) ,  and f o r  h o m o s c e d a s t i c i t y  
u s i n g  t h e  F-max t e a t  (S o k a l  and Roh l f  1969) .  The a v e r a g e  h o u r l y  morning and 
a f t e r n o o n  NP and R f o r  e q u a l  p e r i o d s  o f  t ime p r e c e d i n g  and f o l l o w i n g  s o l a r  
noon on each  sa m p l in g  day were compared over  t h e  s t u d y  u s i n g  p a i r e d  t - t e s t s  
(n ■ 19 dayB) .  D a y - to -d a y  v a r i a t i o n  in  a v e ra g e  h o u r l y  HP and R f o r  the  same 
t im e  p e r i o d s  on s u c c e s s i v e  days were a l s o  compared u s i n g  t - t e s t s  (n v a r i e d  
from 5 t o  14 m easu rem en ts  p e r  d a y ) .  S h o r t - t e r m  changes  in  sed im en t  
c h i .  c o n c e n t r a t i o n s  o v e r  2-12 day s e r i e s  each  month were  examined u s in g  o n e ­
way a n a l y s i s  o f  v a r i a n c e .  V a r i a t i o n  o f  mean h o u r l y  m e t a b o l i c  r a t e s  as a 
f u n c t i o n  o f  t i d a l  c o n d i t i o n  were a n a l y z e d  by com par ing  h o u r l y  NP and R 
be tween  d a t e s  w i t h  noon _+ 2 hour  h ig h  t i d e s  (n *= 10) and days  w i t h  mid-day  
low t i d e s  (n “ 7) u s i n g  t - t e s t B .  S e a s o n a l  d i f f e r e n c e s  in  a v e r a g e  h o u r l y  HP 
and R were examined u s i n g  a n a l y s i s  o f  v a r i a n c e  and  Student-Newman-Keuls  
(SNk ) m u l t i p l e  ra n g e  t e s t s  (n ■* 185) .  A l l  s t a t i s t i c a l  p r o c e d u r e s  a r e  
d e s c r i b e d  i n  Soka l  and R oh l f  ( 1 9 6 9 ) .  When c o e f f i c i e n t s  of  v a r i a t i o n  (CV) 
a r e  r e p o r t e d  f o r  two s a m p le s ,  e . g .  v a r i a t i o n  of  mean HP on s u c c e s s i v e  d a y s ,  
an  e s t i m a t e  o f  t h e  s t a n d a r d  d e v i a t i o n  was made from t h e  ra n g e  (V i lc o x o n  and 
Wilcox 1964) .
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The e f f e c t  o f  e x t r a p o l a t i n g  s i n g l e  m on th ly  measurements  o f  h o u r ly  HP 
and  R t o  a n n u a l  e s t i m a t e s  v a s  examined by randomly s e l e c t i n g  a s i n g l e  
m easu rem en t  from th e  t o t a l  measurements  made in  a g iv e n  month .  The annua l  
r a t e s  v e r e  c a l c u l a t e d  by e x t r a p o l a t i n g  t h e  h o u r l y  r a t e  to  a d a i l y  r a t e  by 
m u l t i p l y i n g  t h e  h o u r ly  r a t e  by the  number o f  hours  i n  the  p h o t o p e r i o d .  
M on th ly  e s t i m a t e s  v e r e  t h e n  made by m u l t i p l y i n g  the  d a i l y  r a t e  by t h e  number 
o f  d ay s  p e r  month .  Monthly e s t i m a t e s  v e r e  th e n  summed t o  p ro d u c e  an annua l  
e s t i m a t e .  Monthly r a t e s  f o r  t h e  J a n u a r y - F e b r u a r y  p e r i o d  were l i n e a r l y  
i n t e r p o l a t e d  u s i n g  th e  March and December sampl ing  p e r i o d s ,  and  t h e  e s t i m a t e  
f o r  S ep te m b er  v a s  i n t e r p o l a t e d  u s in g  t h e  Augus t  and O c to b e r  s a m p l in g  
p e r i o d s .  Two curves  d e r i v e d  u s in g  randomly s e l e c t e d  m on th ly  measurements  
w e re  p l o t t e d  and compared w i t h  a t h i r d  curve  d e r iv e d  from t h e  mean o f  a l l  
a v a i l a b l e  m on th ly  d a t a .  The r e s u l t i n g  s e a s o n a l  p l o t  and a n n u a l  p r o d u c t i o n  
e s t i m a t e  r e p r e s e n t e d  by t h e  l a t t e r  c u r v e  is  based  on 185 d a t a  p o i n t s  w h i l e  
t h e  o t h e r  two cu rves  and p r o d u c t i o n  e s t i m a t e s  a r e  baaed  on 12 d a t a  p o i n t s .
R e s u l t s  and D i s c u s s i o n
T e m p e ra tu re  and s a l i n i t y  ranged from 7 . 3 - 2 7 . 3  C and 1 3 . 5 - 2 1 . 5  pp t  
r e s p e c t i v e l y  d u r in g  the  s t u d y .  Minimum and maximum w a t e r  d e p t h s  d u r i n g  th e  
s t u d y  were  0 . 2 2  and 1.32 m. The a v e r a g e  h o u r l y  r a t e s  o f  GP, NP and R by 
s a m p l i n g  d a t e  a r e  g ive n  in  t a b l e  2 . 1 .  Over t h e  s t u d y ,  c o e f f i c i e n t s  of  
v a r i a t i o n  f o r  mean h o u r ly  GF, NP and R o ver  t h e  p h o t o p e r i o d  r a n g e d  from 23 
t o  296X, 41 to  1281X and 31 t o  127X and averaged  901,  23IX and 7 5X 
r e s p e c t i v e l y .  High v a r i a b i l i t y  in m e t a b o l i c  r a t e s  o c c u r r e d  in  a l l  s ea s o n s  
and  o f t e n  d i f f e r e d  markedly  on s e q u e n t i a l  sam pl ing  d a y s .  F o r  example ,  t h e
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TABLE 2 . 1 .  Hour ly  r a t e s  o f  me tabo l i sm  of t h e  sand B h o a l , Mean +. s t a n d a r d
- 2  - 1d e v i a t i o n  (mg O^m h ) ,  (n) ■ sample s i i e .
DATE GROSS PRODUCTION________ NET PRODUCTION RESPIRATION
4 MAS 61 .2  + 49.57 ( 9) 44.1  + 4 3 ,2 2 ( 9) 13 .3 + 11,17 (11)
5 MAR 54.6 19.66 (14) 42,9 20 .59 (14) 10 .2 8,67 (16)
14 MAR 55.8 33.48 (15) 28.2 27 .07 (16) 26.6 25.00 (16)
15 KAR 70,2 45.63 (12) 48,1 3 8 .4 8 (13) 18.1 21 .72 (12)
13 APR 48 .6 77.27 (16) 46.1 76 .53 (16) 2 .5 3 .75 (17)
23 HAT 54,7 38.29 (12) 22 .9 47 .63 (22) 24 .7 20.01 (11)
26 HAY 51,8 69.41 ( 9) 27 ,4 55 .35 (11) 28 .3 23.77 ( 9)
31 MAY 20.7 61.69 (13) - 5 . 5 70 .46 (13) 26 .2 20.70 (13)
22 JUN 139.7 118.75 (10) 52.9 8 7 .2 9 (11) 8 0 . 2 72.98 (10)
23 JUN 121,6 51,07 ( 6) 29.3 3 7 .5 0 ( 6) 7 4 ,9 38.95 ( 7)
30 JUN 47,1 87.14 ( 9) 23.7 6 9 .4 4 ( 9) 23 .3 25.16 < 9)
2B JUL 91 .3 108.65 ( 9) 27.2 74 .26 ( 9) 64 .1 53.20 ( 9)
4 AUG 213.0 83,07 ( 4) 151 .9 92 ,66 ( 4) 61 .1 56.21 ( 4)
29 AUG 40,7 32.15 ( 6) - 2 . 9 2 0 ,2 4 ( 6) 43 .6 20.49 ( 6)
30 AUG 72.8 77.17 ( 5) 38,7 92 .49 f 6) 6 1 .3 19.00 < 5)
3 OCT 137.1 57.58 ( 6) 83.8 4 6 ,9 3 ( 6) 53.3 35.71 ( 6)
4 OCT 114,7 8 4 . 8B ( 4) 81 .0 6 4 .8 0 ( 5) 3 0 . 4 23.10 ( 4)
8 NOV 168.2 70.64 ( 5) 141,6 58.06 ( 5) 26 .6 19.95 ( 5)
9 NOV 89.5 113.67 ( 4) 57.5 109.25 ( 4) 3 1 .9 4 .79 ( 4)
15 NOV 74.5 38.00 ( 2) 33.2 26 .56 ( 2) 42 .3 12.27 ( 2)
a DEC 99.9 4.00 < 2) 91 .1 0 .91 < 2) 8 . 8 3 . OB ( 2)
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c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  r e s p i r a t i o n  m easurements  made on 8 November 
va s  751 ,  w h i l e  t h e  c o e f f i c i e n t  o f  v a r i a t i o n  t h e  f o l l o w i n g  day was o n ly  151 .
Average morning and a f t e r n o o n  NP and R a r e  shown in  f i g .  2 . 2 a .  NP was 
g r e a t e r  in  t h e  morning  on 16 o f  19 sa m p l in g  d a t e s  and R vas  h i g h e r  in  t h e  
a f t e r n o o n  on 11 of  19 sampl ing  d a y s .  In  d a t a  p o o l e d  o v e r  t h e  s t u d y ,  NP vaa 
s i g n i f i c a n t l y  h ig h e r  in  t h e  m orn ing ,  but  t h e r e  was no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  in  R. Over t h e  s t u d y ,  t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  in the  amount of  l i g h t  r e c e i v e d  by t h e  b e n t h i c  community be tw een  
morning  and a f t e r n o o n .  During s a m p l in g  d a t e s  when l i g h t  l e v e l s  v e r e  low es t  
(March,  A p r i l ,  and November) NP was h i g h e r  i n  t h e  morning  even  though  l i g h t  
c o n d i t i o n s  were more f a v o r a b l e  in  t h e  a f t e r n o o n .
The r e l a t i v e l y  c o n s i s t e n t  t e m p o r a l  s e p a r a t i o n  o b s e rv e d  be tw ee n  peak 
h o u r l y  NP and R w i t h i n  the  p h o t o p e r i o d  s u g g e s t  t h a t  t h e  two p r o c e s s e s  a r e  
co u p le d  o ve r  a s h o r t  t im e  frame and endogenous  f a c t o r s  in  a d d i t i o n  to  
exogenous  f a c t o r s  such  as l i g h t  o r  t e m p e r a t u r e ,  l i m i t s  t h e i r  m a g n i tu d e .  
M o t i l i t y  in  e p i p e l i c  a l g a e  i s  w e l l -know n (Round 1 9 7 1 ) ,  and i n  muddy 
i n t e r t i d a l  sed im en ts  in  which p h o t o s y n t h e s i s  i s  f r e q u e n t l y  1 i g h t - 1 i m i t e d , 
m i c r o a l g a e  m i g r a t e  t o  t h e  s u r f a c e  d u r i n g  d a y t im e  low t i d e s  (Pomeroy e t  a l .  
1 981 ) .  Th i s  b e h a v i o r a l  r e s p o n s e  has  a p ronounced  e f f e c t  on p h o t o s y n t h e s i s  
( G a l l a g h e r  and D a ib e r  1973; D ar ley  e t  a l .  1 976 ) ,  However in  t h e  sand s h o a l  
s e d i m e n t ,  l i g h t  c o n d i t i o n s  a r e  g e n e r a l l y  f a v o r a b l e ,  p o t e n t i a l  wave e r o s i o n  
i s  g r e a t e r  a t  low t i d e s ,  and t h e  community i s  p r o b a b l y  com prised  o f  non-  
mot i l e  d ia tom s  (Round 1971) .  Pamatmat (1968)  found no e v i d e n c e  o f  a 
m i g r a t i o n a l  rhythm f o r  t h e  a l g a l  community o f  h i e  i n t e r t i d a l  e a n d f l a t  s i t e ,  
bu t  d i d  n o te  t i d a l l y - r e l a t e d  m e t a b o l i c  rhythms i n  bo th  p h o t o s y n t h e s i s  and 
r e s p i r a t i o n .  I f  a t i d a l l y - r e l a t e d  m i g r a t i o n a l  rhy thm  were  p r e s e n t  in t h e  
s h o a l  community,  peak  p h o t o s y n t h e a i s  would o c c u r  a bou t  an hour  l a t e r  e ac h
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- 2  -1F i g u r e  2 . 2 .  Net p r o d u c t i o n  and r e s p i r a t i o n  (mg h ) ,  and
- 2  -1p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  (E m day ) over  v a r i o u s
t ime s c a l e s ,  e x c e p t  f i g .  ( 2 . 2 a ) ,  S t a t i s t i c a l  r e s u l t s  a r e
examined a t  t h e  95E s i g n i f i c a n c e  l e v e l .  Eigi  2 . 2 a ,  * d e n o t e s
morning r a t e s  s i g n i f i c a n t l y  d i f f e r e n t  from a f t e r n o o n  r a t e s .
- 2PAR is  in  E m pe r  morning  o r  a f t e r n o o n  p e r i o d .  F ig ,  2 . 2 b .
* d en o te s  a s i g n i f i c a n t  d i f f e r e n c e  from t h e  p r e c e d in g  day .  
F ig .  2 , 2 c ,  * d e n o te s  h i g h  t i d e  r a t e s  s i g n i f i c a n t l y  d i f f e r e n t  
from lov  t i d e  r a t e s .  F i g ,  2 . 2 d ,  * d e n o t e s  a s e a s o n a l  r a t e  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r  t h r e e  s e a s o n s .
Legend : H  Net p r o d u c t i o n , ^  R e s p i r a t i o n , ^  PAR.
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day and n e t  p r o d u c t i o n  would n o t  have been c o n s i s t e n t l y  s i g n i f i c a n t l y  
g r e a t e r  in  t h e  m o rn in g .
Endogenous rhythms a l s o  o c c u r  i n  t h e  a i c r o a l g a l  com muni t ies  o f
s a l t m a r a h  s e d i m e n t s .  P h o t o s y n t h e s i s  i s  h i g h e s t  io t h e  morning in  b o th
i n t a c t  c o r e s  and c e l l  s u s p e n s i o n s  h e l d  c o n t i n u o u s l y  i n  t h e  l i g h t  ( G a l l a g h e r
and D aiber  1973; Pomeroy e t  a l .  1 9 8 1 ) .  The a p p a r e n t  rhy thm in i n t a c t  c o re s
was much g r e a t e r  t h a n  t h a t  in c e l l  s u s p e n s i o n s  (Pomeroy e t  a l .  1 981 ) .  C e l l
s u s p e n s i o n s  would be e x p e c t e d  t o  show o n l y  b io c h e m ic a l  r h y th m s ,  whereas in
i n t a c t  c o r e s ,  b o th  m i g r a t i o n a l  and b io c h e m ic a l  rhythms may be  p r e s e n t ,
- 2  -1P h o t o s y n t h e s i s  i n c r e a s e d  from 150 t o  200 mg C m h in  t h e  morn ing in  t h e  
exp e r im e n t  w i th  c e l l  s u e p e n s io n a  (Pomeroy e t  a l .  1981) .
A morning  p e a k  p r o d u c t i v i t y  rhythm may a l l o w  t h e  s h o a l  community to  
maximize morn ing  p h o t o s y n t h e s i s ,  but  t h e  m agn i tude  o f  t h i s  p h o t o s y n t h e t i c  
maximum may be s e t  by a c o u p l e d  endogenous  s e d im en t  r e s p i r a t o r y  rhythm. For 
example ,  NP may become l i m i t e d  d u r i n g  t h e  a f t e r n o o n  by l a c k  of  n u t r i e n t s .  
Whi le t h e  u p p e r  York R i v e r  h a s  been  c h a r a c t e r i z e d  as m o d e ra t e l y  n u t r i e n t '  
e n r i c h e d  ( H e i n l e  e t  a l .  1 9 8 0 ) ,  t h e  lower  r e a c h e s  o f  t h e  r i v e r ,  i n c l u d i n g  
t h i s  s tu d y  s i t e  a r e  r e l a t i v e l y  u n e n r i c h e d .  Water  column c o n c e n t r a t i o n s  of 
ammonium were  < 10 u g - a t  N 1  ^ on a l l  b u t  one sam p l in g  d a t e ,  and p h o s p h a te  
c o n c e n t r a t i o n s  were  a lw ays  < 2 u g - a t  P 1 * {see  f o l l o w i n g  c h a p t e r ) .  In any 
c a s e ,  the  a v a i l a b i l i t y  of  w a te r  column n u t r i e n t s  to  t h e  b e n t h i c  m i c r o f l o r a  
may be d i f f u s i o n  l i m i t e d .  C o n s e q u e n t l y ,  m i c r o f l o r a l  p h o t o s y n t h e s i s  in  the  
s u r f a c e  s ed im en t  may depend on in  s i t u  h e t e r o t r o p h i c  n u t r i e n t  r e g e n e r a t i o n .  
Concommittant  s t u d i e s  i n d i c a t e  t h a t  t h e  r e l e a s e  o f  ammonium from t h e s e  
sed im en ts  i s  h i g h l y  c o r r e l a t e d  w i th  b e n t h i c  r e s p i r a t i o n  ( s e e  f o l l o w i n g  
c h a p t e r ) .  B e n t h i c  r e s p i r a t i o n  on t h e  o t h e r  hand,  may be l i m i t e d  by l a c k  o f  
l a b i l e  o r g a n i c  m a t t e r .  O rg a n ic  m a t t e r  c o n c e n t r a t i o n s  in  t h e  s u r f a c e
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c e n t i m e t e r  o f  t h e s e  s e d im e n t s  a v e r a g e d  0 ,642  and r e a c h e d  a maximum «£ 1 ,631 
in  summer. These c o n c e n t r a t i o n s  a r e  s i m i l a r  to  s e d im e n t  ca rbon  
d e t e r m i n a t i o n s  made f o r  o t h e r  submerged sandy s h o a l  sed im en ts  i n  the lo v e r  
York R ive r  (assuming  I  c a rb o n  “ 0 . 4 5  a s h - f r e e  d ry  w e i g h t ) .  P e r c e n t  
sed iment ca rbon  v a r i e d  l i t t l e  w i th  d e p t h .  C o n c e n t r a t i o n s  in t h e  s u r f a c e  15 
cm, a t  f i v e  cm i n t e r v a l e  v e r e ,  on a d r y  weight  b a s i s ,  0 ,2 9  ±  0 . 1 6 1  ( s t a n d a r d  
d e v i a t i o n ) ,  0 .28  + 0 .142  and 0 .2 8  +. 0 ,1 4 1  over  t e n  month ly  s a m p le s  (Rizzo 
and V e t z e l , u n p u b . ) ,  s u g g e s t i n g  t h a t  much o f  t h e  s u r f a c e  o t g a n i c  m a t t e r  i s  
r e f r a c t o r y .  The t e n d e n c y  f o r  R t o  i n c r e a s e  in t h e  a f t e r n o o n  and  t e n p o r a l l y  
lag  peak NP s u g g e s t s  m i c r o h e t e r o t r o p h i c  me tabo li sm i n  t h e  s u r f a c e  sediments 
r e l i e s  on th e  r e l e a s e  o f  l a b i l e  d i s s o l v e d  p h o t o s y n t h a t e .  I n c r e a s e d  
h e t e r o t r o p h i c  a c t i v i t y  in  t u r n  would i n c r e a s e  n u t r i e n t  r e g e n e r a t i o n  
s t i m u l a t i n g  a u t o t r o p h i c  p r o d u c t i v i t y  t h e  f a l l o w i n g  morn ing .  F u r t h e r  
i n v e s t i g a t i o n  i n t o  t h i s  a p p a r e n t  d a i l y  c y c l e  would be h ig h l y  d e s i r a b l e ,  and 
may p ro v id e  f u r t h e r  i n s i g h t s  i n t o  d a y - t o - d a y  v a r i a b i l i t y  in r a t e  e s t i m a t e s .
P h o t o r e s p i r a t i o n  may a l s o  have  p o t e n t i a l  e f f e c t s  on the  
m o r n i n g / a f t e r n o o n  d i f f e r e n c e  in n e t  p r o d u c t i o n .  A l though  the  p u rpose  of 
p h a t o r e e p i r a t i o n  in  p l a n t s  in  n o t  w e l l -k n o w n ,  i t  o c c u r s  s im u l t a n e o u s l y  w i th  
p h o t o s y n t h e s i s ,  and r e s u l t s  in t h e  consumpt ion  o f  oxygen.  F h o t o r e s p i r a t i o n  
i n c r e a s e s  w i th  i n c r e a s i n g  l i g h t ,  t e m p e r a t u r e ,  oxygen c o n c e n t r a t i o n  and w i th  
d e c r e a s i n g  ca rbon  d i o x i d e  c o n c e n t r a t i o n  ( T o l b e r t  1 9 8 0 ) .  The d i u r n a l  
i n c r e a s e s  in  l i g h t  and t e m p e r a t u r e ,  and in c r e a s e s  in  c e l l  oxygen  
c o n c e n t r a t i o n s  d u r i n g  a c t i v e  morning  p h o t o s y n t h e s i s  may c r e a t e  f a v o r a b l e  
c o n d i to n s  f o r  p h o t o r e a p i r a t i o n ,  w h ich  would cause  n e t  p r o d u c t i o n  to  be 
u n d e r e s t i m a t e d .  T o l b e r t  h a s  e s t i m a t e d  t h a t  p h o t o r e s p i r a t i o n  in  macrophytes  
may be 202 o f  g r o s s  p r o d u c t i o n ,  b u t  adds  t h a t  p h o t o r e a p i r a t i o n  in  algae i s  
minimal compared t o  t h e  impact  o f  t h i a  p ro c e s s  in  h i g h e r  p l a n t s .  T h e r e f o re ,
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while  p h o t o r e a p i r a t i o n  may c o n t r i b u t e  to  t h e  a p p a r e n t  a f t e r n o o n  d e c r e a s e  in
ne t  p r o d u c t i o n ,  i t s  impact  i a  p r o b a b ly  s m a l l .
The a v e ra g e  NF and R f o r  t h e  aame sam p l in g  p e r i o d s  on c o n s e c u t i v e  day*
a re  shown in  f i g .  2 ,2 b ,  The a v e r a g e  c o e f f i c i e n t  o f  v a r i a t i o n  f o r  t h e  s i x
two-day p e r i o d s  was 511 (2  -  1641) f o r  NF and 211 (5 -  39Z) f o r  R. Mean
hour ly  NF was s i g n i f i c a n t l y  d i f f e r e n t  ( P - , 0 5 )  o v e r  two day p e r i o d s  in  f o u r
of the  6 t e a t s ,  and R was s i g n i f i c a n t l y  d i f f e r e n t  in 2 of  6 t e s t a .  However,
average h o u r l y  m e tab o l i c  r a t e s  compared on s u c c e s s i v e  days v a r i e d  l e s s  t h a n
measurements compared over  t h e  p h o t o p e r i o d .  D a y - to -d a y  sampl ing  was l i m i t e d
to  s u c c e s s i v e  days t h a t  had B im i l a r  e n v i ro n m e n ta l  reg im es  ( i . e .  s i m i l a r
t i d a l ,  p h o t o p e r i o d ,  t e m p e r a t u r e ,  s a l i n i t y  and c l i m a t i c  c o n d i t i o n s )  which
f u r t h e r  s u g g e s t s  t h a t  endogenous  c y c l e s  a c c o u n t  f o r  a s i g n i f i c a n t  s o u r c e  of
v a r i a t i o n  w i t h i n  a d a i l y  p e r i o d .
R e l a t i o n s h i p s  between d a i l y  v a r i a b i l i t y  in  m e ta b o l i s m  and o t h e r
measured p a ra m e te r s  a r e  n o t  r e a d i l y  a p p a r e n t .  As shown i n  f i g .  1 . 2 b ,  d a i l y
l i g h t  r e a c h i n g  the  sed im en t  s u r f a c e  was n e a r l y  i d e n t i c a l  be tween  daya f o r
each two-day  p e r i o d .  The maximum t e m p e r a t u r e  d i f f e r e n c e  between days  vas
0 .9  C, a d i f f e r e n c e  u n l i k e l y  to  r e s u l t  i n  s i g n i f i c a n t  changes  in  m e t a b o l i c
r a t e s .  The ANOVA'S of t h e  s ed im en t  c h i .  c o n c e n t r a t i o n s  o ver  2-12 day
p e r io d s  ( t a b l e  2 .2 )  show t h a t  s i g n i f i c a n t  changes  t y p i c a l l y  occur  a b r u p t l y .
Changes o v e r  p e r io d s  of  days  were  s i g n i f i c a n t  in  a l l  bu t  one month.
However, changes  in c h ) .  b iomass do not  o f f e r  c o m p e l l i n g  e v i d e n c e  f o r  t h e
changes shown in f i g .  1 . 2 b .  For exam ple ,  in  J u n e ,  c h i . c o n c e n t r a t i o n s
-2changed l i t t l e  (115 to  125 mg m ) and NP was n o t  s i g n i f i c a n t l y  d i f f e r e n t
_2
between t h e  two d a y s .  However, i n  A ugus t ,  c h i .  d e c r e a s e d  (126 to  79 mg m )
and was accompanied by a s i g n i f i c a n t  NP i n c r e a s e  on t h e  second d ay .  In
- 2November a d e c r e a s e  in c h i .  (299 to  255 mg m ) was accompanied by a
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TABLE 2 . 2 .  R e s u l t s  o f  a n a l y s e s  o f  v a r i a n c e  of  t h e  c h l o r o p h y l l  a e r i e s .  Mean
—2_+ s t a n d a r d  d e v i a t i o n  (mg m ) .  Sample s i z e .  N ■* n o .  o f  s am pl ing  
days  p e r  mon th .  * d e n o t e s  s i g n i f i c a n t  d i f f e r e n c e  among days 
( P - . Q 5 K
MONTH CHLOROPHYLL A N PROBABILITY
MARCH 33 ±  30 2 .025 *
APRIL 50 35 8 .002  +
MAY 86 40 11 .000 *
JUNE 121 34 12 .002 *
JULY 131 37 9 .000  *
AUGUST 136 53 7 .000  *
SEPTEMBER 20B 33 3 .044  *
OCTOBER 176 46 2 .250
NOVEMBER 236 94 4 .001 *
DECEMBER 23 5 78 3 .002 *
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s i g n i f i c a n t  d e c r e a s e  in  NP, bu t  a s i m i l a r  i n c r e a s e  in  c h i .  (151 t o  202 mg 
-2m ) in  O c to b e r  v a s  n o t  accompanied by any s i g n i f i c a n t  change  i n  HP. I t  
a l s o  seems d o u b t f u l  t h a t  biom ass  changes  c o u l d  be r e s p o n s i b l e  f o r  t h e  
observed  d a y - t o - d a y  s i g n i f i c a n t  d i f f e r e n c e s  in  R, p a r t i c u l a r l y  in  March,  
a l t h o u g h  t h e r e  a r e  no d a t a  on h e t e r o t r o p h i c  b iomass so t h e  p o s s i b i l i t y  
cannot  be r u l e d  o u t .  W i th in  t ime p e r i o d s  hav in g  r e l a t i v e l y  c o n s t a n t  
p h y s i c a l  c o n d i t i o n s ,  much of the  v a r i a b i l i t y  in  m e t a b o l i c  r a t e s  may r e s u l t  
from p h y s i o l o g i c a l  r e s p o n s e s  to  t h e  p roposed  endogenous  c y c l e s  o f  a u t o t r o p h y  
and h e t e r o t r o p h y .  U n f o r t u n a t e l y ,  i n t e r p r e t a t i o n  o f  such d a y - t o - d a y  changes  
is  h i n d e r e d  by th e  o f t e n  r a p i d  changes  in  t h e  p h y s i c a l  e n v i r o n m e n t ,  by l a c k  
of  i n f o r m a t i o n  on t ime l a g s  in  community r e s p o n s e s  and by l a c k  o f  
i n f o r m a t i o n  on p r i o r  community h i s t o r y .
T i d a l l y - r e l a t e d  changes  in m e t a b o l i c  r a t e s  a r e  shown in  f i g .  1 , 2 c .  
M e tab o l ic  r a t e s  were  h i g h e r  on days w i th  mid-day  low t i d e s ,  a l t h o u g h  on ly  R 
was s i g n i f i c a n t l y  h i g h e r  ( F * . 0 5 l .  D a i ly  PAR a t  t h e  sed im en t  s u r f a c e  vas 
s i g n i f i c a n t l y  h i g h e r  on days w i th  mid-day  low t i d e s ,  and p r o b a b l y  a c c o u n te d  
f o r  t h e  h i g h e r  NP, High v a r i a b i l i t y  in n e t  p r o d u c t i o n  o ver  t h e  p h o t o p e r i o d  
p robab ly  obscu red  r e a l  d i f f e r e n c e s  in  n e t  p r o d u c t i o n  between t i d a l  
c o n d i t i o n s .  M a r s h a l l  e t  a l .  (1971) a l s o  found t h a t  m e tab o l i sm  was h i g h e r  on 
days w i t h  m id -day  low t i d e s  in sh o a l  s e d im e n t s  in  Rhode I s l a n d .  S in c e  
t e m p e r a t u r e s  v a r i e d  on ly  a few d e g r e e s  between t i d a l  c o n d i t i o n s  ( i . e .  
between weeks)  t h e  s i g n i f i c a n t  i n c r e a s e  in  R i s  p r o b a b ly  a r e s p o n s e  t o  
i n c r e a s e d  NF.
F i g .  2 .2d  shows t h e  changes  in  a v e ra g e  NF, R and FAR among s e a s o n s .  NP 
vas s i g n i f i c a n t l y  d i f f e r e n t  among s e a s o n s  and SNK t e a t s  i n d i c a t e d  t h a t  f a l l  
NP was s i g n i f i c a n t l y  g r e a t e r  than NP d u r i n g  t h e  o t h e r  t h r e e  s e a s o n s .
S i m i l a r l y ,  R was s i g n i f i c a n t l y  d i f f e r e n t  among s e a s o n s ,  w i th  summer R
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g r e a t e r  than o t h e r  s e a s o n * .  A l though  t h e  peak i n  R c o i n c i d e d  w i th  t h e  
s e a s o n a l  peak in w a te r  t e m p e r a t u r e ,  a lo g  i s  a p p a r e n t .  S p r in g  t e m p e r a t u r e s  
i n c r e a s e d  from e a .  12 C t o  over  20 C be tween A p r i l  and Hay,  but  R d i d  no t  
s i g n i f i c a n t l y  i n c r e a s e  u n t i l  June ( t e m p e r a t u r e s  ^<28 C) ,  F a l l  R remained  
h ig h  u n t i l  mid-November,  even though  w a te r  t e m p e r a t u r e s  were  s i m i l a r  t o  t h e  
s p r i n g  p e r io d  ( c t .  20 C ) . NP peaked  in  f a l l  and lagged  s p r i n g  i n c r e a s e s  in 
PAR and w a te r  t e m p e r a t u r e .  The a p p a r e n t  s e a s o n a l  d e c o u p l i n g  of  n e t
p ro d u c t i o n  and r e s p i r a t i o n  a c t u a l l y  r e s p r e s e n t s  a s e a s o n a l  s h i f t  i n
h e t e r o t r o p h i c  to  a u t o t r o p h i c  dominance o f  community g r o s s  p r o d u c t i o n .  That  
i s ,  g ro s s  p r o d u c t i o n  r em a ins  n e a r l y  c o n s t a n t  be tween  summer and f a l l ,  but  i s  
l a r g e l y  d e t e rm in e d  by community r e s p i r a t i o n  in  summer, whereas  n e t  
p ro d u c t i o n  e x e r t s  more impact  on g r o s s  p r o d u c t i o n  r a t e  in  f a l l .
F ig .  2 .3  shows the  r e s u l t s  o f  p l o t t i n g  two cu rves  d e r i v e d  from s i n g l e ,
randomly chosen measurements  of  NP and R from each  month compared to  a t h i r d
cu rv e  d e r iv e d  from t h e  mean of  a l l  t h e  month ly  d a t a .  Annual  e s t i m a t e s  of  NP
- 2  -1c a l c u l a t e d  f rom t h e s e  d a t a  a r e  288,  232 and 230 g O^m y e a r  r e s p e c t i v e l y ,
and f o r  R a r e  233, 230 and 287. The agreement of  the  a n n u a l  e s t i m a t e s  from
c u rv e s  1 and 2 (n = 12) w i t h  curve 3 (n  * 185) i s  s t r i k i n g .  However,  random 
sampl ing  of  a no rm al ly  d i s t r i b u t e d  p o p u l a t i o n  w i l l  t e n d  t o  p roduce  s i m i l a r  
e s t i m a t e s  i f  t h e  sample s i z e  i s  l a r g e  enough.  A p p a r e n t l y  a sample s i z e  of  
12,  evenly d i s t r i b u t e d  o v e r  the y e a r ,  w i l l  g iv e  the  same e s t i m a t e  o f  annua l  
metaboli sm a s  a much l a r g e r  sample s i z e .  Th i s  i s  s u p p o r t e d  by t h e  
s i m i l a r i t y  among t h e s e  t h r e e  e s t i m a t e s  and t h e i r  g e n e r a l  ag reement w i th  
p u b l i s h e d  v a l u e s  (Pomeroy,  1959; Pamatmat 1968; M a r s h a l l  e t  a l .  1971;  Riznyk 
and Fhinney 1972a;  Cadee and Hegeman 1974; 1977;  G al lagheT  and D a ib e r  1974; 
van R aa l te  e t  a l .  1976; J o i n t  1978; Riznyk e t  a l .  1976; B s i l l i e  and Welsh
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F i g u r e  2 . 3 .  P l o t s  o f  n e t  p r o d u c t i o n  ( F i g .  2 . 3 a )  and r e s p i r a t i o n  ( F i g .  2 .3 b )
- 2  - Ii n  mg Q^m h , by month.  Curve 1 (— ) and curve  2 (~--------)
a r e  drawn from a s i n g l e  randomly s e l e c t e d  measurement each  
month ( t o t a l  sample s i z e  * 12) ,  Curve 3 (— — ) i s  drawn from 
a mean o f  a l l  m onth ly  m easurements  ( t o t a l  hample s i z e  ■ 185) .
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1980; Z e d le r  1980; van Es 1982;  Mur r a j1 1983;  C o l i j n  and de Jonge 1984;  R i z i o  
and Wetze l  1983) .
Whi le s h o r t - t e r m  v a r i a b i l i t y  a p p ea r s  t o  have l i t t l e  impact  on e s t i m a t e s  
of  an n u a l  p r o d u c t i o n  i t  has m a jo r  impact  on our p e r c e p t i o n  of  t h e  s e a s o n a l  
changes  in m e ta b o l i s m .  In t h e  p l o t  of  NP ( f i g .  2 . 3 a )  t h e  month ly  changes  
s u g g e s te d  by c u rv e s  1 and 2 b as ed  on 12 d a t a  p o i n t s  a r e  much d i f f e r e n t  from 
curve  3 ,  each  d i f f e r i n g  by an  o r d e r  of  m a g n i tu d e  d u r i n g  one month (November 
and A u g u s t ) .  Curve 2 I n d i c a t e s  n e t  h e t e r o t r o p h y  f o r  t h e  b e n t h i c  community 
d u r i n g  most o f  t h e  s p r i n g .
The r e s p i r a t i o n  p l o t s  show s i m i l a r  d i f f e r e n c e s .  Bach cu rv e  shows a 
d i f f e r e n t  peak month f o r  R, i n  Sep tem ber ,  Karch  and J u l y ,  f o r  c u r v e s  I t o  3 
r e s p e c t i v e l y .  A ga in ,  the  d i f f e r e n c e s  among th e  p o i n t s  in  moat  months  a r e  
s u b s t a n t i a l ,  a p p ro a c h in g  an o r d e r  of  m a g n i tu d e  i n  Sep tember  f o r  c u r v e  1.
Summary
While e s t i m a t e s  of  annua l  m e ta b o l i c  r a t e s  a r e  v e ry  i m p o r t a n t ,  
c o n s i d e r a t i o n  of  t em pora l  d i s t r i b u t i o n  o f  m e t a b o l i c  r a t e s  i s  e q u a l l y  
im p o r ta n t  in t h e  o v e r a l l  f u n c t i o n i n g  of  e s t u a r i e s  and a l s o  f o r  i n s i g h t  i n t o  
c o n t r o l s  on m e t a b o l i c  p r o c e s s e s .  The ty p e  o f  sampl ing  d e s i g n  t y p i c a l l y  used 
in p a s t  s t u d i e s  ( s i n g l e ,  b r i e f  m e a s u r e m e n t s , on a m o n th ly  s c h e d u l e )  a p p e a r s  
to  be adequa te  f o r  e s t i m a t i o n  of  annua l  r a t e s ,  b u t  i s  i n a d e q u a t e  f o r  
a s s e s s i n g  s e a s o n a l  changes  in  m e tabo l i sm  o r  f o r  p r o v i d i n g  i n s i g h t s  i n t o  
c o n t r o l s  on m e t a b o l i c  p r o c e s s e s  on s h o r t e r  t im e  s c a l e s .  As shown in  t h i s  
s t u d y ,  t h e r e  i s  h ig h  v a r i a b i l i t y  in  m e t a b o l i c  r a t e s  o v e r  t h e  p h o t o p e r i o d ,  
between c o n s e c u t i v e  days each  month ,  and be tween  t i d a l  c o n d i t i o n s ,  a l l  
imbedded i n  t h e  changes  in m e ta b o l i s m  found on t h e  s e a s o n a l  s c a l e .
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V a r i a t i o n  on t h e  s h o r t e r  t i n e  s c a l e s  can  m a rke d ly  a f f e c t  t h e  shape  o f  
s e a s o n a l  c u r v e s  baaed on l i m i t e d  d a t a .  Adequa te  d e s c r i p t i o n  of  s e a s o n a l  
changes  r e q u i r e s  enough sam pl ing  t o  encompass v a r i a b i l i t y  o c c u r r i n g  on t h e s e  
s h o r t e r  t im e  s c a l e s .  At a minimum, m u l t i p l e  m e asu re m en th over  t h e  
p h o t o p e r i o d ,  and an e s t i m a t e  o f  d a i l y  and t i d a l l y - r e l a t e d  v a r i a b i l i t y  v i t h i n  
t h e  month i s  r e q u i r e d  t o  improve d e s c r i p t i o n s  o f  t h e  s e a s o n a l  changes  in  
m e t a b o 1 ism v i t h i n  e s t u a r i n e  c o m m u n i t i e s .
I n t e n s i v e  s a m p l in g  o v e r  t h e  p h o t o p e r i o d  and between s u c c e s s i v e  days 
a l s o  r e v e a l e d  te m pora l  p a t t e r n s  in a u t o t r o p h i c  and h e t e r o t r o p h i c  m e ta b o l i s m  
which  a r e  no t  w h o l ly  e x p l a i n e d  by v a r i a t i o n  in  exogenous  v a r i a b l e s  such  as 
l i g h t  and t e m p e r a t u r e .  On t h e s e  s c a l e s  m e t a b o l i c  v a r i a b i l i t y  most  l i k e l y  
v a r i e s  a s  a r e s u l t  of  changes  in  t h e  p h y s i o l o g i c a l  s t a t e  o f  the  community as 
a f u n c t i o n  of  i t s  p a s t  h i s t o r y .  D i f f e r e n c e s  i n  m e ta b o l i s m  over l o n g e r  t im e  
s c a l e s  a r e  more e x p l a i n a b l e  by v a r i a b i l i t y  in exogenous  v a r i a b l e s .  NP 
i n c r e a s e s  d u r i n g  days  w i th  mid-day  low t i d e s  a s  a r e s u l t  o f  improved l i g h t  
c o n d i t i o n s .  H i n c r e a s e s  a r e  p r o b a b l y  a r e s p o n s e  to  g r e a t e r  a v a i l a b i l i t y  o f  
o r g a n i c  m a t t e r  from in s i t u  b e n t h i c  p r im a ry  p r o d u c t i o n .  S easona l  changes  in 
NP and R a r e  a l s o  r e a s o n a b l y  i n t e r p r e t a b l e  in t e rm s  o f  t h e  s e a s o n a l  changes  
in  t h e  p h y s i c a l  v a r i a b l e s  of  l i g h t  and t e m p e r a t u r e .  The v a r i a b i l i t y  in 
m e ta b o l i s m  o v e r  b r i e f  p e r i o d s  o f  t i m e ,  and t h e  f a c t o r s  which c o n t r o l  i t  on 
t h e s e  s c a l e s  need f u r t h e r  a t t e n t i o n ,  and r e q u i r e  s a m p l in g  o ve r  e x ten d ed  
p e r i o d s  o f  t i m e ,  but  p e rh a p s  a t  l e s s  f r e q u e n t  i n t e r v a l s .
Adequa te  e s t i m a t e s  of  t h e  m a g n i tu d e  of  community m e ta b o l i s m ,  t h e  
s e a s o n a l  changes  in  community m e ta b o l i s m  and t h e  f a c t o r s  c o n t r o l l i n g  
community m e ta b o l i s m  a r e  e s s e n t i a l  f o r  a b e t t e r  u n d e r s t a n d i n g  of  b e n t h i c  
community d y n a m ic s .  Adequa te  a s s e s s m e n t s  o f  s e a s o n a l  change  and t h e  f a c t o r s
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i m p o r ta n t  in c o n t r o l l i n g  b e n t h i c  community m e ta b o l i s m  must  t a k e  i n t o  acc o u n t  
t h e  m e t a b o l i c  changed o c c u r r i n g  on s h o r t e r  t ime s c a l e s
CHAPTER 3
COMMUNITY METABOLISM AND NUTRIENT DYNAMICS OF A SHOAL SEDIMENT IN A
TEMPERATE ESTUARY
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I n t r o d u c t  ion
Tempera te  e s t u a r i e s  a r e  eco s y s te m s  i n t e r m e d i a t e  between t h e  f r e s h  w a te r  
and s a l t  w a te r  sys tems  t h e y  s e p a r a t e .  These p r o d u c t i v e  ecosys tem s  have 
become i n c r e a s i n g l y  s t r e s s e d  by human p o p u l a t i o n s , p a r t i c u l a r l y  i n  the  
C hesapeake  Bay r e g i o n .  One impact  a s s o c i a t e d  w i t h  i n c r e a s i n g  human 
p o p u l a t i o n  i s  t h e  a d d i t i o n  o f  l a r g e  q u a n t i t i e s  o f  n u t r i e n t s  to  e s t u a r i n e  
s y s t e m s .  N u t r i e n t  e n r i c h m e n t  i s  r e l a t e d  t o  a number o f  u n d e s i r a b l e  e f f e c t s  
i n c l u d i n g  d e c r e a s e d  p h y t o p l a n k t o n  s p e c i e s  d i v e r s i t y )  m a ss iv e  a l g a l  blooms 
and d i e - o f f s ,  and deve lopm en t  o f  a n o x ic  c o n d i t i o n s  i n  t h e  se d im e n t s  a n d / o r  
w a t e r  column in  summer ( C E l i a  e t  a l ,  1962) .  D e c l i n e s  in  p o p u l a t i o n s  o f  
f i s h e s  and o t h e r  b i o t a  have  a l s o  o c c u r r e d ,  and may be r e l a t e d  to  n u t r i e n t  
e n r i c h m e n t  { D 'E l i a  e t  a l ,  1982) ,
S e v e r a l  d i f f e r e n t  com muni t ies  c o n t r i b u t e  to  p r im a r y  p r o d u c t i o n  in  t h e  
Chesapeake  Bay,  i n c l u d i n g  marsh  g r a s s e s ,  s e a g r a s s e s ,  p h y to p l a n k to n ,  
m a c r o a lg a e  and s e d im en t  m i c r o f l o r a .  Whi le  t h e  p r im a r y  p r o d u c t i o n  and 
n u t r i e n t  dynamics o f  m a r s h e s , s e a g r a s s e s  and p h y t o p l a n k t o n  communit ie s  have 
r e c e i v e d  much a t t e n t i o n  ( A x e l r s d  1974; HcCar thy  e t  a l .  1974; 1975; Moore 
1974;  Haas 1975; H e i n l e  and Flemer  1976;  Wolaver e t  a l ,  1980; Wetzel  e t  e l ,  
1981;  G i l b e r t  1982; Murray 1983;  O r th  and Moore 1984;  Kemp e t  a l ,  1984) ,  
b e n t h i c  a r e a s  dom ina ted  by m i c r o f l o r a  have  r e c e i v e d  l i m i t e d  s t u d y .  The 
a n n u a l  b e n t h i c  m i c r o f l o r a l  p r im a ry  p r o d u c t i o n  o f  a s u b t i d a l  sand sed im en t  
vaa  e s t i m a t e d  by R izzo  and W etze l  ( 1 9 8 5 ) ,  bu t  t h e  exchanges  of  n u t r i e n t B  
be tween  sed im en t  and w a t e r  in e u p h o t i c  s e d im e n t s  o f  t h e  Chesapeake Bay have 
no t  b een  s t u d i e d .
T here  have b een  two f u n d a m e n ta l l y  d i f f e r e n t  a p p ro a c h e s  t o  s t u d y i n g  th e  
exchanges  o f  n u t r i e n t s  be tween  sed im en t  and w a t e r .  The f i r s t  i n v o lv es
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c a l c u l a t i o n  o f  f l u x e s  from the  c o n c e n t r a t i o n  g r a d i e n t  o f  t h e  c o n s t i t u e n t  in  
t h e  i n t e r s t i t i a l  w a te r  and the  o v e r l y i n g  w a t e r  column ( e . g .  B i l l e n  1978) ,
The second a p p ro a c h  has been to  m easure  n u t r i e n t  f l u x  r a t e s  d i r e c t l y .  In  
g e n e r a l ,  e s t i m a t e s  o f  n u t r i e n t  f l u x  r a t e s  based  on c o n c e n t r a t i o n  g r a d i e n t s  
have  been o f  l i m i t e d  u s e f u l n e s s  ( s e e  r e v i e w s  by Z e i t s c h e l  1980; Nixon and 
P r i s o n  1 9 8 3 ) .  F a c t o r s  such as b i o t u r b a t i o n  and wave and c u r r e n t  d i s t u r b a n c e  
a l s o  i n f l u e n c e  n u t r i e n t  exchanges ,  bu t  moat i m p o r t a n t l y ,  r a p i d  
r e m i n e r a l i z a t i o n  of  r e c e n t l y  d e p o s i t e d  o r g a n i c  m a t t e r  o c c u r s  v i r t u a l l y  a t  
t h e  s e d i m e n t / w a t e r  i n t e r f a c e ,  and t h u s  i s  n o t  r e p r e s e n t e d  in  t y p i c a l  p o r e -  
w a te r  p r o f i l e s  ( Z e i t s c h e l  1980; Nixon and P i l s o n  1 9 8 3 ) .
S t u d i e s  o f  the  n u t r i e n t  exchanges  b e tw ee n  e s t u a r i n e  s e d im e n t s  and t h e  
w a te r  column have  c o n c e n t r a t e d  on e p h o t i c  s u b t i d a l  s e d im e n t s  (D a v ie s  1975;  
Nixon e t  a l .  1976;  Nixon e t  a l .  1980;  Boynton e t  a l .  i 9 6 0 ;  Ra ine  and 
P a tc h in g  1980; Klump and Mar tens  19B1 ; F i s h e r  e t  a l .  1982;  B la c k b u rn  and 
H enr ik sen  1983;  Boynton and Kemp 19B5).  In  many e s t u a r i e s  and n e a r s h o r e  
c o a s t a l  e c o s y s te m s  t h e  b e n t h i c  a r e a  r e c e i v i n g  s u f f i c i e n t  l i g h t  t o  s u p p o r t  
p h o t o s y n t h e s i s  com prises  on ly  a s m a l l  p a r t  o f  t h e  t o t a l  b e n th o s  (Nixon and 
F i l s o n  1 983 ) .  However, in  many p a r t s  of t h e  Chesapeake Bay and i t e  
t r i b u t a r i e s  ( e . g .  the  York R i v e r ) ,  t h e r e  a r e  e x t e n s i v e  s h o a l s  w h ich  s u p p o r t  
p h o t o s y n t h e s i s  as  i n d i c a t e d  by t h e  h i s t o r i c a l  abundance  and d i s t r i b u t i o n  of  
submerged a q u a t i c  macrophytes  ( O r t h  and Moore 1 984 ) .  The e xcha nges  of  
n u t r i e n t s  be tween  the  sed iment and t h e  w a t e r  column in  a h o a l  s e d i m e n t s  may 
d i f f e r  c o n s i d e r a b l y  from exchanges  be tween  a p h o t i c  s e d im e n t s  and t h e  w a t e r  
column due t o  n u t r i e n t  up take  by b e n t h i c  m i c r o f l o r a .  The p o t e n t i a l  
d i f f e r e n c e  i n  s e d im e n t /w a te r  n u t r i e n t  e x c h a n g e s  be tween  a p h o t i c  and e u p h o t i c  
a r e a s  cou ld  have  a s u b s t a n t i a l  impact  on t h e  n u t r i e n t  budget  o f  an e s t u a r y  
such as t h e  York R iv e r ,  which h a s  a l a r g e  b e n t h i c  a r e a  com prised  by s h o a l
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s e d i m e n t s .  E x t e n s i v e  measurements  o f  the  exchanges  o f  n u t r i e n t s  be tween 
s ed im en t  and w a te r  in  a r e a s  s u p p o r t i n g  a m i c r o f l o r a l  community have been  
made o n l y  by H ar tw ig  (1 9 7 6 ) .  Only l i m i t e d  measurements  ( 1 - 6  sam p les )  have 
been made in  a few o t h e r  a r e a s  (Propp e t  a l .  1980; Phoe l  e t  a l .  1981;
R u tg e r s  van d e r  Loef f  e t  a l .  1981) ,
T h i s  s tu d y  was u n d e r t a k e n  to  d e t e r m i n e  t h e  r a t e s  o f  community 
m e ta b o l i s m  o f  a sand s h o a l  e c o s y s te m ;  t o  d e t e r m i n e  t h e  exchanges  of  t h e  
m a jo r  s p e c i e s  o f  i n o r g a n i c  n i t r o g e n  and phosphorus  be tween  s e d im e n t s  and th e  
w a te r  co lumn; and t o  i n v e s t i g a t e  the  e n v i ro n m e n ta l  f a c t o r s  r e g u l a t i n g  t h e  
oxygen m e ta b o l i s m  and n u t r i e n t  c y c l i n g  p r o c e s s e s  in  t h i s  s y s t e m .
M a t e r i a l s  and Methods
F i e l d  and l a b o r a t o r y  p r o c e d u r e s .
The p r o c e d u r e s  f o r  the  measurement o f  d i s s o l v e d  oxygen ,  c h l o r o p h y l l  a 
( c h i ,  a ) ,  and o r g a n i c  m a t t e r  were g i v e n  in  t h e  p r e v i o u s  c h a p t e r .  For  
n u t r i e n t  d e t e r m i n a t i o n ,  d u p l i c a t e  70 ml w a t e r  sam p les  were t a k e n  a t  t h r e e  
h our  i n t e r v a l s  from eac h  dome s e c t i o n  w i th  p l a s t i c  s y r i n g e s ,  th ro u g h  
sam pl ing  p o r t a  f i t t e d  w i th  ty g o n  t u b i n g .  Water  removed d u r i n g  sam p l in g  was 
r e p l a c e d  w i t h  ambien t  T i v e r  w a te r  th r o u g h  one-way v a l v e s  i n  each  dome 
s e c t i o n .  The volume removed i n  sa m p l in g  r e p r e s e n t e d  < 21 of  t h e  t o t a l  
volume o f  t h e  s m a l l e s t  dome s e c t i o n .  D u p l i c a t e  samples  o f  t h e  am bient  
s u r f a c e  w a te r  were a l s o  t a k e n .  Samples f o r  ammonium a n a l y s i s  were  p r o c e s s e d  
im m edia te ly  on sam p l ing  and f o l lo w e d  t h e  p r o c e d u r e s  in  G r a s s h o f f  ( 1 9 7 6 ) .  
Samples f o r  p h o s p h a te ,  n i t r a t e  and n i t r i t e  a n a l y s i s  were  f r o z e n  im m e d ia te ly .  
These samples  were s t o r e d  a t  —15 to  - 2 0  C and a n a l y z e d  w i t h i n  t h r e e  months.
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The a n a l y t i c a l  p r o c e d u r e s  f o r  t h e  d e t e r m i n a t i o n  of  d i s s o l v e d  in o r g a n i c  
p h o s p h a t e  a r e  from G r a s s h o f f  ( 1 9 7 6 ) .  A n a l y t i c a l  methods  f o r  n i t r a t e  and 
n i t r i t e  d e t e r m i n a t i o n s  were  t h o s e  g iv e n  by Kopp and McKee (1979)  f o r  
a u tom a te d  n u t r i e n t  a n a l y s i s .
T em p era tu re  was r e c o r d e d  a t  t h e  t im e  o f  each  oxygen d e t e r m i n a t i o n .  
D e t e r m i n a t i o n s  of  s a l i n i t y  and w a t e r  d e p t h ,  and c o l l e c t i o n s  of  w a t e r  samples 
f o r  a n a l y s i s  of  suspended  s o l i d s  were made ev e ry  2—4 h o u r s .  S a l i n i t y  was 
measured  w i th  a t e m p e r a t u r e  compensa ted  s a l i n i t y  r e f r a c t o m e t e r  (Hodel AO 
10419 American S c i e n t i f i c  P r o d u c t s ,  W ash ing ton ,  D . C . ) ,  P h o t o s y n t h e t i c a  i l y  
a c t i v e  r a d i a t i o n  (PAR) r e a c h i n g  t h e  s e d im e n t  s u r f a c e  was m easured  u s in g  a 
LiCor  185A quantum r a d i o m e t e r  (L iC o r ,  I n c .  L i n c o l n ,  NE) and c o n t in u o u s ly  
r e c o r d e d .  S u r f a c e  w a t e r  samples  were a n a ly z e d  f o r  suspended  s o l i d s  by 
f i l t e r i n g  500-1000 ml o f  w a t e r  o n to  p re -c o m b u a te d  (500 C f o r  4 h o u r s )  Gelman 
A/E g l a s s  f i b e r  f i l t e r s .  F i l t e r s  were  d r i e d  t o  a c o n s t a n t  w e ig h t  a t  60 C, 
combusted a t  500 C f o r  4 h r a ,  and r e w e ig h e d ,  t o  e s t i m a t e  o r g a n i c  m a t t e r  
c o n t e n t  i n  t h e  su spended  s o l i d s .  Wind d a t a  were t a k e n  from summaries f o r  
N o r f o lk  I n t e r n a t i o n a l  A i r p o r t  (HOAA 1 983) .
D a i l y  r a t e s  o f  n e t  p r o d u c t i o n  were  c a l c u l a t e d  by m u l t i p l y i n g  th e  
a v e r a g e  h o u r l y  r a t e  by t h e  d a i l y  p h o t o p e r i o d .  D a i l y  r e s p i r a t i o n  was 
c a l c u l a t e d  by m u l t i p l y i n g  t h e  h o u r l y  a v e r a g e  by 24 h .  D a i l y  exchanges  of  
n u t r i e n t s  were c a l c u l a t e d  as  t h e  sum o f  t h e  mean h o u r l y  f l u x  r a t e  of  the 
t r a n s p a r e n t  domes m u l t i p l i e d  by t h e  p h o t o p e r i o d  and the  mean h o u r l y  f l u x  
r a t e  o f  t h e  d a r k  domes m u l t i p l i e d  by th e  n i g h t - t i m e  p e r i o d .  Values  fo r  t h e  
Sep tember  and J a n u a r y - F e b r u a r y  p e r i o d s  were  l i n e a r l y  i n t e r p o l a t e d .  Annual 
r a t e s  were  e s t i m a t e d  by a p p l y i n g  t h e  a v e r a g e  d a i l y  r a t e  i n  a month to  the 
e n t i r e  month,  and summing t h e  m onth ly  e s t i m a t e s .
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S t a t i s t i c a l  p r o c e d u r e s .
The d a t a  were t e s t e d  f o r  n o r m a l i t y  u s i n g  t h e  K olmogorov-Smirnov  t e s t  
f o r  goodness o f  f i t  (H u l l  and Nie ,  e d s .  1 9 8 1 ) ,  and  f o r  h o m o e c e d a s t i c i t y  
u s i n g  the  F-max t e s t  (S o k a l  and R o h l f  1 969 ) .  The p r o c e d u r e s  f o r  a n a l y s i s  o f  
v a r i a n c e  (ANOVA) and S t u d e n t ' s  t - t e a t s  were t a k e n  from S o k a l  and R oh l f  
( 1 9 6 9 ) .  P ea rson  product-moment  c o r r e l a t i o n s  were  c a l c u l a t e d  w i t h  programs 
d e s c r i b e d  in  Nie e t  a l .  ( 1 9 7 5 ) ,  S t e p w i s e  l i n e a r  r e g r e s s i o n  p r o c e d u r e s  a r e  
o u t l i n e d  in  H u l l  and Hie ( e d s .  1 9 8 1 ) .  A l l  t e s t s  were  a n a l y z e d  a t  t h e  951 
s i g n i f i c a n c e  l e v e l  u n l e s s  o t h e r w i s e  s t a t e d .
R e s u l t s  and D i s c u s s i o n
During t h e  s tu d y  w a t e r  t e m p e r a t u r e s  and s a l i n i t i e s  r a n g e d  be tw ee n  7 .3 -  
2 7 . 3  C and 13 .5  -  21.5 p p t  r e s p e c t i v e l y  ( f i g .  3 . 1 a . ) .  S a l i n i t i e s  were 
l o w e s t  in  l a t e  w i n t e r  and e a r l y  s p r i n g .  D a i l y  PAR a t  t h e  s e d im e n t  s u r f a c e  
i s  shown in f i g .  3 . 1 b .  In  a d d i t i o n  t o  s e a s o n a l  c h a n g e s ,  d a i l y  PAR v a r i e d  
be tween  t i d a l  c o n d i t i o n s .  The s e d im e n t  s u r f a c e  r e c e i v e d  s i g n i f i c a n t l y  more  
l i g h t  on days  w i th  m id -day  low t i d e s  ( s e e  p r e v i o u s  c h a p t e r ) .  D a i l y  PAR 
i n c r e a s e d  s h a r p  iy be tween  A p r i l  and May, and d e c l i n e d  s t e a d i l y  a f t e r  J u n e ,  
r e a c h i n g  A ugus t -Sep tem ber  minima f o r  b o th  h ig h  and low t i d e  c o n d i t i o n s .  In  
e a r l y  f a l l  PAR aga in  i n c r e a s e d  s h a r p l y  b e f o r e  d e c l i n i n g  i n  l a t e  f a l l .  The 
r a p i d  p o s t - J u n e  d e c l i n e  and s e c o n d a r y  f a l l  peak  i n  PAR a t  t h e  s e d im en t  
s u r f a c e  a r e  l a r g e l y  caused  by c hange s  in  w a t e r  co lumn s u s p e n d e d  s o l i d s .
O r t h  and Moore (1982) have shown t h a t  d i f f u s e  a t t e n u a t i o n  c o e f f i c i e n t s  from 
J u n e  th rough September a t  G l o u c e s t e r  P o i n t  r a n g e  from 1 . 5  t o  2 . 5 ,  w i t h  
a t t e n u a t i o n  d e c r e a s i n g  t o  .75 to  1 .5  from O c to b e r  t h r o u g h  November.  Moore
F ig u r e  3 , 1 . A. Average m on th ly  t e m p e r a t u r e  and s a l i n i t y  of  t h e  v o t e r  
column d u r i n g  t h e  s t u d y .  B. Average d a i l y  
p h o t o s y n t h e t i c a l l y  a c t i v e  r a d i a t i o n  r e c e i v e d  a t  th e  
s e d im en t  s u r f a c e  by month and t i d a l  c o n d i t i o n  ( t i d e s  a 
noon + 2 h o u r s .
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{ u npub , )  computed a m u l t i p l e  l i n e a r  r e g r e s s i o n  showing t h a t  d i f f u s e  v e r t i c a l  
a t t e n u a t i o n  m easured  a t  5 s i t e s  i n  the  York  R iv e r  ev e ry  two weeks f o r  more 
th a n  a y e a r ,  was s i g n i f i c a n t l y  and i n v e r s e l y  r e l a t e d  t o  w a te r  column 
c o n c e n t r a t i o n s  o f  f i l t e r a b l e  i n o r g a n i c  m a t t e r ,  f i l t e r a b l e  o r g a n i c  m a t t e r  and 
c h i ,  a .  T w o - th i rd s  o f  t h e  v a r i a n c e  in d i f f u s e  a t t e n u a t i o n  c o e f f i c i e n t s  was 
a t t r i b u t a b l e  to  c o n c e n t r a t i o n s  o f  f i l t e r a b l e  i n o r g a n i c  m a t t e r  a l o n e .
Community p r o d u c t i o n
The annua l  p r o d u c t i o n  of  t h e  b e n t h i c  community o f  t h e  sand s h o a l
ecosystem is s i m i l a r  to  many other eBtuarine and nearshore a r e a s  (table
_ 2
3 . 1 ) .  The an n u a l  p r im a r y  p r o d u c t i o n  of  t h e  w a t e r  column f 166 g C m ) was
o n ly  s l i g h t l y  l e s s  t h a n  t h e  s e d im en t  m i c r o f l o r a l  p r o d u c t i o n .  Th i s  e s t i m a t e
~ 2  -1a g r e e s  a lm o s t  e x a c t l y  w i th  t h e  a v e r a g e  (190  g C m y  ) r e p o r t e d  by Boynton 
e t  a l ,  (1962) in  sum m ar iz ing  45 s t u d i e s  o f  e s t u a r i n e  p h y t o p l a n k t o n  
p r o d u c t  i o n ,
Average h o u r l y  n e t  p r o d u c t i o n  and r e s p i r a t i o n  a r e  shown in f i g  3 , 2 a .
f o r  t h e  sed im ent and f i g .  3 .2b  f o r  t h e  w a t e r  co lumn.  Over th e  s t u d y ,  t h e
- 2  -1
sed im en t  n e t  p r o d u c t i o n  a v e ra g e d  50,6 mg C^m h s l i g h t l y  more t h a n  mean
- 2  - 1w a t e r  column p r o d u c t i o n  ( 4 0 . 7  mg O^m h ) ,  Mean s ed im en t  r e s p i r a t i o n  ( 3 5 .8  
-  2 —1mg h ) was l e s s  t h a n  h a l f  t h e  a v e r a g e  w a t e r  column r e s p i r a t i o n  ( 9 6 .7
—2 -1 , —2 -1 mg O^ro & Maximum n e t  p r o d u c t i o n  (152 mg 0^ m h ) was t h e  same f o r
bo th  com m uni t ie s ,  b u t  t h e  minimum n e t  p r o d u c t i o n  o f  t h e  w a te r  column ( -237
- 2 - 1  . mg Oj b  b ) was two o r d e r s  o f  m agn i tude  low er  t h a n  minimum s ed im en t  n e t
- 2 - 1p r o d u c t i o n  ( -6  mg m h ) .  R e s p i r a t i o n  o f  b o th  c o m u n i t i e s  was g e n e r a l l y  
g r e a t e r  d u r in g  summer.  However,  r a t e s  of  w a t e r  column r e s p i r a t i o n  were  much
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T a b le  3*1.
H a b i t a t
S a l t  marsh
S a l t  marsh  
Mudf l a t
S a n d f l a t
E s t i m a t e s  of  annua l  p r o d u c t i o n  in e s t u a r i n e  b e n t h ic  h a b i t a t s
-2  14(g  C m ) .  V a lues  i n  p a r e n t h e s e s  a r e  based on C, o the rs
a r e  b a s e d  on oxygen changes .
Loca t  ion____________  Rate  Source___________________
G e o rg ia 200 Pomeroy 1959,
G eorg ia (190) Whitney and Bar ley  1981.
Delaware ao* G al lagher  and Daiber 1974.
M a s s a c h u s e t t s (105) van R s a l t e  e t  s i .  1976.
C a l i f o r n i a 271* Zedler  1980,
V i r g i n i a 224 Rizzo and Wetzel 1985,
New J e r s e y 315+* C h r i s t i a n  1981»
S co t  land (31) Leach 1970.
Oregon 83* Riznyk and Phinney.  1972a.
N e t h e r l a n d s (102)* Cadee and Hegeman 1974.
N e t h e r l a n d s (B6) Cadee and liegeman 1977 ,
England (143) J o i n t  1978.
N e t h e r l a n d s 154* van Es 1982.
N e th e r l a n d s (150)* C o l i jn  and de Jonge 1984.
Connect  i c u t 128*** B a i l l i e  and Welsh 1980,
V i r g i n i a 113 Rizzo and Wetzel 1985-
N e t h e r l a n d s 90* van Es 1982.
N e th e r  l a nds (66)* C ol i jn  and de Jonge 1984,
N e th e r l a n d s 116+ Rutgers van der  Loeff  e t
a l .  1981.
Oregon 292* Riznyk and Fhinney.  1972a
4 2
Table 3 . 1 ,  Continued .
C a l i f o r n i a  
Spa in 
V i r g i n i a  
V i r g i n i a  
V i r g i n i a  
Connect  i c u t  
Denmark
Grass beds
Submerged Sand
Submerged Mud
Rhode la  la nd  
V i r g i n i a  
V i r g i n i a  
Rhode I s l a n d  
Rhode I s l a n d
* Mean o f  s e v e r a l  s i t e s .
** T o t a l  system.
(175)*  Riznyk e t  a l .  1976.
(79) V are la  and Penas 1985 ,
184 Rizzo and Wetzel 1985,
162* Murray 19B3.
187 Rizzo and Wetzel 1985
(100)*  M ars h a l l  e t  a l ,  1971.
(116) Grontved  1960. (In  M a r s h a l l
e t  a l . 1971),
280 Nowicki and Nixon 1985,
107 Rizzo and Wetzel 1985.
194 Rizzo and Wetzel in  p r e s s .
245 Nowicki and Nixon 1985
150 M__________________  '*
F ig u re  3*
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_2
2. Average h o u r l y  n e t  p r o d u c t i o n  and r e s p i r a t i o n  (mg 0^ m ) of 
t h e  s h o a l  c o m m u n i t i e s , A. S ed im en t .  B, Water  co lumn.
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- 2  - 1more v a r i a b l e ,  w i t h  bo th  minimum (22 mg 0^ ra h ) and maximum (265 mg
 2 _ |  H
m h ) r e s p i r a t i o n  o c c u r r i n g  in  March,  Minimum s e d im en t  r e s p i r a t i o n  (3 mg
—2 —1Oj m h ) o c c u r r e d  in A p r i l ,  Maximum s ed im en t  r e s p i r a t i o n  (80 mg 0^
- 2 —1
m h ) o c c u r r e d  i n  J u n e ,  and r e s p i r a t i o n  rem a ined  h ig h  u n t i l  mid~November.
I n  r e c e n t  y e a r s  t h e r e  haa been  growing c o n c e r n  ove r  t h e  i n c r e a s i n g  
e x t e n t  of  hypox ic  and a n o x i c  c o n d i t i o n s  in  t h e  s e d im e n t  and bo t tom w a t e r  o f  
many e s t u a r i e s  d u r i n g  summer ( O f f i c e r  e t  a l ,  1984;  Boesch 1985; S t a n l e y  e t  
a l ,  1 9 6 3 ) ,  and co n c e rn  t h a t  anox ic  c o n d i t i o n s  may i n c r e a s e  in  s p a t i a l  and 
t e m p o r a l  e x t e n t  (Webb 1 9 8 1 ) ,  In t h i s  s t u d y ,  d a i l y  s e d im e n t  g r o s s  p r o d u c t i o n  
s u p p l i e d  an a v e r a g e  of  202% ( r a n g e  = 48-1076%) o f  t h e  d a i l y  s ed im en t  oxygen 
demand.  D a i l y  s e d im en t  r e s p i r a t i o n  exceeded  g r o s s  p r o d u c t i o n  on 5 o f  21 
d a y s ,  (P:R < 1 , 0 ;  t a b l e  3 , 2 ;  31 May, 28 J u l y ,  2 9 -30  August  and 15 November) .  
D a i l y  w a t e r  column g r o s s  p r o d u c t i o n  a v e ra g ed  101% ( r a n g e  = 0-381%) of  t h e
d a i l y  oxygen demand,  but  exceeded  w a t e r  column r e s p i r a t i o n  on o n ly  7 of  21
d a y s ,  ( t a b l e  3 . 2 ;  4-5 March,  31 May, 22-23 J u n e ,  29 August  and 15 November) ,  
Excess  d a i l y  g r o s s  p r o d u c t i o n  by t h e  s ed im en t  community c o u ld  have s u p p l i e d  
B-724% (mean " 108%; 52% w i th  th e  maximum p e r c e n t a g e  d e l e t e d )  of  t h e  w a t e r  
column oxygen d e f i c i t s .  These c a l c u l a t i o n s  a r e  b a s e d  on a  24 h p e r i o d .
S i n c e  s e d im e n t  oxygen p r o d u c t i o n  i s  c o n f in e d  t o  t h e  p h o t o p e r i o d  o n l y ,  d a y ­
t im e  oxygen i n p u t s  t o  t h e  w a t e r  column may be g r e a t e r  t h a n  would be 
i n d i c a t e d  by c a l c u l a t i o n s  made on a 24 h b a s i s .
When t o t a l  sys tem oxygen p r o d u c t i o n  does  n o t  meet  oxygen demand,  
d i s s o l v e d  oxygen c o n c e n t r a t i o n s  o v e r  t h e  s h o a l  w i l l  d e c r e a s e  i f  t h e r e  i s  
l i t t l e  o r  no p h y s i c a l  m ix in g ,  s i n c e  a t m o s p h e r i c  d i f f u s i o n  of  oxygen i s  
m i n im a l .  In a s tu d y  o f  t h e  P a t u x e n t  e s t u a r y ,  o x y g e n a t i o n  due to  a t m o s p h e r i c  
d i f f u s i o n  c om pr i sed  o n ly  a s m a l l  p a r t  (6-14%) o f  t h e  d i e l  d i s s o l v e d  oxygen 
f l u x  (Kemp and Boynton 1980) .  P h y s i c a l  m ix in g  i s  g r e a t l y  a f f e c t e d  by w ind .
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T a b l e  3 . 2 .  D a i l y  r a t e s  of  n e t  p r o d u c t i o n  and r e s p i r a t i o n  (m g -a t  0 m2) and 
n u t r i e n t  f l u *  f u g - a t  M o r  P m -2) .  A. S ed im en t .  B. Water 
c o lu m n .  R a t io s  a r e  c a l c u l a t e d  from ammonium f l u x e s  in t h e  dark  
domes o n ly ,  and o n ly  f o r  p e r i o d s  vhen  n u t r i e n t  f l u x e s  and
r e s p i r a t i o n  were s i m u l t a n e o u s l y  m e a su re d .  P o s i t i v e  f lu x  v a l u e s  
d e n o te  r e l e a s e  from t h e  sed im en ts  o r  p r o d u c t i o n  v i t h i n  t h e  w a te r  
co lumn.
A. DATE NP R NH P N03 N02 0 :N O :P N:P P:R
4 MAR. 63 40 1104 50 -150 -6 25 199 8 2,59
5 MAR. 62 31 3.00
14 MAR. 42 80 1115 6 -218 -18 47 20186 427 1.53
15 MAR. 71 54 2 .31
13 APR. 74 7 .5 -1887 121 40 31 19 61 3 10.87
23 MAY 42 74 344 39 99 -26 223 1474 7 1.57
26 MAY 50 85 1.57
31 MAY -10 79 1153 46 -67 1 124 397 19 .87
22 JUN. 98 241 6909 1876 -94 24 38 180 5 1.41
23 JUN. 54 225 1.24
30 JUN. 44 70 1349 387 -39 -2 33 253 8 1.63
26 JUL. 46 192 1.25
4 AUG. 265 183 2709 213 1 * 20 363 18 2.45
29 AUG. -5 131 4597 120 -111 -21 15 793 52.0 0.97
30 AUG, 63 184 1.34
3 OCT. 123 160 3625 79 47 - 9 36 1388 39 1.77
4 OCT. 118 91 2.30
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Table  3 , 2 .  A. C on t inued .
8 NOV, 186 80 -55  -33 -10  -1164 3 .33
9 NOV. 75 96 1 . 7 8
15 NOV. 42 127 -225 -23 - 4  -3  -4 5 9  -2726 6 1 .33
8 DEC. 110 26 -365 -39  -38 0 -53 -5 6 9  11_______5.23
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B. DATE NP R m P N03 N02 0:N 0:P N:P P:R
4 MAR. 63 66 -21 -129 341 - 2 5 -384 -77 0 .2 1 .95
5 MAR. 121 74 2 .64
14 MAR. 4 93 1003 - 1 9 -5505 -7 7 0 1402 3697 -3 1 .04
15 MAR. -241 794 0 . 7 0
13 APR. -25 115 993 -640 49 -180 21 -144 -7 0 .78
23 MAY 9 144 1091 474 3471 166 30 11B1 39 1.06
24 MAY 107 304 1 .34
31 MAY 176 243 -5425 -2 4 5 -67 1 -112 868 - e 1 .72
22 JUN. 238 149 8193 876 398 192 13 3564 277 2 .60
23 JUN. 282 88 4 .2 0
30 JUN. 176 285 -401 -6 1 2 -1062 -51 90 -463 -5 1 .62
26 JUL. -418 611 0 .32
4 AUG. 141 401 -5249 180 10 * - 1701 567 - 0 . 3 1 .35
29 AUG. 139 200 189 -381 832 263 29 635 22 1 .70
30 AUG. 141 461 1.30
3 OCT. 122 315 -5788 527 -381 -43 97 -2465 -25 1.39
4 OCT. 63 175 1.36
8 NOV. 37 47 5 24 -796 7 -49265 1 .08
9 NOV. -21 676 0 .97
15 NOV. 134 103 9221 931 -4 - 3 10 108 11 2 .29
8 DEC. -121 317 1362 1269 -150 0 133 300 2 0 .56
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A wind speed of  5 ,0  m s  ^ was d e t e r m in e d  to  be t h e  t h r e s h o l d  v a lu e  f o r
m e a s u r a b l e  e f f e c t s  of  wind s t r e s s  on  v e r t i c a l  m i x in g  of  s u r f a c e  w a te r
(K u l l e n b e r g  1976) ,  and th e  wind s p eed  v a l u e  n e c e s s a r y  to  c a u s e  s t r o n g
h o r i z o n t a l  c u r r e n t s  and p h y s i c a l  t u r b u l e n c e  in  n e a r - s h o r e  s u r f a c e  w a t e r s
( T h e r r i a u l t  and P l a t t  ( 1 9 8 1 ) ,  The number of d ays  each month w i th  a
r e s u l t a n t  wind speed > 5,0 m s * ( f i g -  3 . 3 )  i n d i c a t e s  m in im a l  wind m i x in g
from Ju n e  -  September .  While l o c a l  t o p o g r a p h y ,  d i r e c t i o n  o f  p r e v a i l i n g
w in d s ,  f e t c h ,  and o t h e r  f a c t o r s  a f f e c t  mixing t h e  lack o f  s t r o n g  summer
winds u n d e r s c o r e s  the  im por tance  o f  b i o g e n i c  oxygen  p r o d u c t i o n  in t h e
s e d i m e n t .  Sediment oxygen demand i n  a p h o t i c  s e d im e n t s  o f  t h e  bay a r e  30-150 
- 2  -1mg O^m h in summer (Boynton e t  a l .  19BQ; Kemp and Boynton 1981; P h o e l  e t  
a l .  1901;  C a l l e n d e r  and Hammond 1902; Boynton and Kemp 19B5) .  Even th o u g h  
th e  summer oxygen demand o f  the e h o a l  sed im ent was s i m i l a r  ( f i g .  3 , 2 a ) ,  t h e  
s h o a l  sed im en ts  were u s u a l l y  oxygen s o u r c e s  r a t h e r  than oxygen  s i n k s .
F a c t o r s  c o n t r o l l i n g  s e a s o n a l  changes  in  p r o d u c t i o n
The v a r i a b i l i t y  o f  n e t  p r o d u c t i o n  and r e s p i r a t i o n  o v e r  t ime s c a l e s  
s h o r t e r  than  s e a s o n s ,  and th e  p o t e n t i a l  f a c t o r s  caus ing  t h e  observed  
v a r i a b i l i t y ,  were d i s c u s s e d  in  t h e  p r e v i o u s  c h a p t e r .  T h i s  c h a p t e r  p r e s e n t s  
a more d e t a i l e d  d i s c u s s i o n  of  s e a s o n a l  c h a n g e s .  A m u l t i p l e  l i n e a r  
r e g r e s s i o n  o f  mean n e t  p r o d u c t i o n  on mean l i g h t ,  t e m p e r a t u r e ,  snd c h i .  a ,  
o ve r  t h e  s tudy  was computed.  The s t e p w i s e  p r o c e d u r e  s e l e c t e d  only  c h i .  a 
c o n c e n t r a t i o n  as the  independen t  v a r i a b l e  or  co m b in a t io n  o f  independen t  
v a r i a b l e s  e x p l a i n i n g  more than  51 o f  t h e  v a r i a n c e  in ne t  p r o d u c t i o n  { f i g .
3 , 4 ) .  Other s t u d i e s  have a l s o  shown h igh  c o r r e l a t i o n s  b e tw ee n  a u t o t r o p h i c  
p r o d u c t i o n  and c h l o r o p h y l l  c o n c e n t r a t i o n  (L ea ch  1970; Cadee and liegeman
49
Figure 3 .3*  Number o f  days p e r  month w i th  r e s u l t a n t  wind speeds  ^  5 ,0  
mete rs  p e r  second.
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F ig u r e  3 . —2 —1i .  R e g r e s s i o n  o f  av e rage  n e t  p r o d u c t i o n  (mg O^m h ) on c h i ,  a 
(rag m ^ ) .  Net p r o d u c t i o n  = ,32 c h i ,  a + 9 . 9 9 ,  ( r ^  = , 3 3 ;  P 
. 0 0 6 1 ) .
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1974;  1977;  S h a f f e r  and Dnuf 1983)* The la ck  of  s i g n i f i c a n t  im pac t  o f
PAR in  t h e  r e g r e s s i o n  i s  u n d e r s t a n d a b l e  s i n c e  t h e  community a p p e a r s  t o  be
l i g h t  s a t u r a t e d  o v e r  much of  t h e  p h o t o p e r i o d ,  and on most  d a y s . By
e x t r a p o l a t i n g  p u b l i s h e d  e s t i m a t e s  of  s a t u r a t i n g  i r r a d i s n c e s  to  an h o u r l y
p e r i o d ,  and u s i n g  t h e  r e c o r d e d  l i g h t  d a t a  (f rom t h e  f i r s t  f u l l  hour  o f  l i g h t
to  t h e  l a s t  f u l l  h ou r  o f  l i g h t ) ,  from 42 days  of  d a t a  c o l l e c t i o n ,  t h e  amount
o f  community l i g h t  s a t u r a t i o n  can  be e s t i m a t e d .  Baaed on a r a n g e  o f  l i g h t
- 2 - 1s a t u r a t i o n  f o r  m u d f l a t  m i c r o a l g a e  o f  75-300  uE m s ( C o l i j n  and van  Buurt
1975; Whi tney and D a r le y  1 9 8 3 ) ,  s a t u r a t i n g  l i g h t  was r e c e i v e d  by t h e
s ed im en t  f o r  58 to  201 o f  t h e  p h o t o p e r i o d  h o u rs  r e s p e c t i v e l y ,  ( f i g *  3 . 5 ) .
Based on a ra n g e  o f  d a i l y  PAR r e q u i r e d  f o r  l i g h t  s a t u r a t e d  g row th  o f  m u d f la t
- 2  — 1m i c r o s l g a e  o f  2 . 5 —5 .0  E m  d (A dm iraa l  1977a) ,  813 and 641 r e s p e c t i v e l y ,  
of  t h e  d a i l y  PAR r e c o r d s  shoved t h a t  t h e  sed im en t  r e c e i v e d  s u f f i c i e n t  l i g h t  
f o r  l i g h t - s a t u r a t e d  g ro w th .
At s a t u r a t i n g  l i g h t ,  t e m p e r a t u r e  c o u l d  be e x p e c te d  t o  g r e a t l y  a f f e c t  
n e t  p r o d u c t i o n .  Between 15-30 0 ,  an a v e r a g e  v a l u e  o f  1 .7  vaa  found f o r  
t h e  i n c r e a s e  in  p h o t o s y n t h e s i s  o f  a s a l t  marah m i c r o a l g a l  community 
( G a l l a g h e r  and D a i b e r  1 9 7 3 ) .  The v a l u e  wae n o t  s i g n i f i c a n t l y  d i f f e r e n t  
b e t v e e k  17 and 103 k l u x ,  l i g h t  l e v e l s  r e f l e c t i n g  t h e  s e a s o n a l  e x t re m es  in 
l i g h t  r e c e i v e d  by t h e  s ed im en t  community ( G a l l a g h e r  and D a ib e r  1 9 7 3 ) .  S ince  
w a te r  t e m p e r a t u r e s  a t  t h e  s tu d y  s i t e  v a r i e d  on ly  7 C f rom Hay th ro u g h  
O c to b e r ,  a v a l u e  of  1 .7  i n d i c a t e s  t h a t  t e m p e r a t u r e  a l o n e  would account  
f o r  o n ly  abou t  161 o f  t h e  n e t  p r o d u c t i o n  i n c r e a s e  be tween  Hay and t h e  f a l l  
peak (3 O c tober  -  November 9 ) ,  e x p l a i n i n g  t h e  s t a t i s t i c a l l y  m ino r  r o l e  of  
t e m p e r a t u r e  i n  r e g u l a t i n g  n e t  p r o d u c t i o n .  The minor  r o l e  o f  t e m p e r a t u r e  in
52
F ig u re  3 . 5 .  Number o f  t o t a l  p h o t o p e r i n d  hours  w i t h  a v e r a g e  PAR _> 75
- 2  -1 
and > 3 0 0  u E  m a
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r e g u l a t i o n  of  n e t  p r o d u c t i o n  i s  a l s o  i n d i c a t e d  by s i g n i f i c a n t l y  h ig h e r  f a l l
n e t  p r o d u c t i o n  th a n  a l l  o t h e r  s e a s o n s  ( s e e  p r e v i o u s  c h a p t e r )  though
t e m p e r a t u r e s  were l e e s  t h a n  o r  equal  to  those  i n  s p r i n g  and summer.
G r a t i n g  a c t i v i t y  has been shown to  l i m i t  m i c r o a l g a l  b iomass on an
i n t e r t i d a l  m u d f l a t  (Pace  e l  a l .  1979) ,  G raz ing  p r e s s u r e  was n o t  a s s e s s e d  in
t h i s  s t u d y ,  and so c o u ld  n o t  be examined by r e g r e s s i o n  a n a l y s i s .  However,
changes  in g r a e e r  p o p u l a t i o n  dynamics cou ld  have  s i g n i f i c a n t  impacts  on th e
a n t o t r o p h i c  cornmunity.
The s e a s o n a l  change  in c h i .  a c o n c e n t r a t i o n  o v e r  the  s tu d y  'i. - hocr >r
( f i g ,  3 . 6 a ) .  C h i ,  c o n c e n t r a t i o n s  v a r i e d  from 7 mg m on 15 16' j cl- I t  r
- 2m on B November. In  a d d i t i o n  to  t h e  s e a s o n a l  i n c r e a s e ,  c h i .  v a r i e d  
g r e a t l y  among days  p e r  month .  Most monthly  r a n g e s  of  c h i .  c o n c e n t r a t i o n s  
o v e r l a p p e d  d e s p i t e  the  l a r g e  an n u a l  i n c r e a s e .  There  were s i g n i f i c a n t  
d i f f e r e n c e s  (P _< .05)  i n  c o n c e n t r a t i o n s  among days  each  month excep t  in 
O c t o b e r ,
The s e a s o n a l  changes  in  o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  d i d  not  c l o s e l y  
f o l l o w  th o s e  c f  c h ’ . n ,  i'i’-  v.-s t h e  d a y - t o - d a y  v a r i a t i o n  as  g r e a t  ( f i g .  
3 , 6 b ) .  D a y - to -d a y  changes  i n  o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  were s i g n i f i c a n t  
(P = .05)  on ly  in  March,  November and December. Changes i n  c h i ,  and o r g a n i c
m a t t e r  were on ly  weakly  c o r r e l a t e d  ( r  D .33 ;  P ■ .011 ;  n = 6 0 ) . Assuming t h a t
_ 2 ^2
g C m ** ,45 g o r g a n i c  mat.?'- i; .-on? .h-mi ’rg c 50:1 ch l . ' carbon  r a t i o  (de
Jonge i 9 6 0 ) ,  m i c r o f l o r a l  c a r b o n  com prised  << IX o f  the  t o t a l  sediment ca rbon  
and d id  not  a c c o u n t  f o r  t h e  changes  in  o r g a n ic  m a t t e r .  Organ ic  m a t t e r  
c o n c e n t r a t i o n s  d e c l i n e d  s h a r p l y  a f t e r  t h e  i n i t i a l  sample,  r e a c h i n g  a minimum 
of .051 in  A p r i l ,  and rem a ined  low u n t i l  May, when they f icn  .351
to  ,7 1 1 .  C o n c e n t r a t i o n s  i n c r e a s e d  r a p i d l y  in  June  r e a c h in g  a maximum of 
1 ,6 3 1 ,  T h e r e a f t e r ,  c o n c e n t r a t i o n s  d e c r e a s e d ,  r e m a in in g  around  .501 f o r  t h e
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F i g u r e  3 . 6 . _2A.  C h lo r o p h y l l  a c o n c e n t r a t i o n s  (mg m ) f and  
R. Organ ic  m a t t e r  c o n c e n t r a t i o n s  ( I )  o v e r  t h e  s t u d y .
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r em a inder  o f  t h e  s t u d y .  The s i m i l a r i t y  b e t w e e n  t h e  i n i t i a l  v a l u e  ( . 5 2 1  on 5 
March) and t h e  f i n a l  v a l u e  ( . 4 2 1  on 8 December)  s u g g e s t  t h a t  s u r f a c e  o r g a n i c  
m a t t e r  c o n c e n t r a t i o n s  a r e  in  a s t e a d y - s t a t e  o v e r  an a n n u a l  c y c l e .  The b r i e f  
June peak in  o r g a n i c  m a t t e r  p r o b a b l y  r e s u l t s  from i n c r e a s e s  in  h e t e r o t r o p h i c  
biomass r a t h e r  t h a n  d e p o s i t i o n ,  s i n c e  s e d i m e n t  r e s p i r a t i o n  a l s o  r e a c h e d  
maximum a t  t h i s  t i m e .
Changes in  c h i .  and t o  a l e s s e r  e x t e n t ,  o r g a n i c  m a t t e r  have  a l s o  been 
a s c r i b e d  t o  ch a n g e s  in  PAR and t e m p e r a t u r e  (Cadee  and H eg etna n 1974;  1977) .  
However, changes  i n  c h i ,  and o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  were  u n c o r r e l a t e d  
w i th  e i t h e r  t e m p e r a t u r e  o r  PAR f o r  the  s h o a l  s e d i m e n t .
Severe  wind/wave r e l a t e d  s e d im e n t  r e s u s p e n a i o n  was e v i d e n t  f rom
p e r s o n a l  o b s e r v a t i o n s ,  a s  wave c o n d i t i o n s  p r e v e n t e d  o r  c u r t a i l e d  s a m p l in g  on
s e v e r a l  o c c a s s i o n s  in  A pr i l -M ay  and l a t e  N o v e m b e r - J a n u a r y , The s h a r p  drop
in  c h i .  and o r g a n i c  m a t t e r  c o n c e n t r a t i o n s  b e tw ee n  t h e  5 March and 15 March
_2
sampl ing  d a t e s  (62 t o  7 mg c h i .  a m  , and . 5 2  t o  .2 5 1 )  ap p e a re d  t o  be s to rm  
r e l a t e d ,  and prompted  th e  s u b s e q u e n t  l o n g e r  sam p l in g  s e r i e s .  Doth m onth ly  
mean c h i .  c o n c e n t r a t i o n  and t h e  mean s p a t i a l  v a r i a b i l i t y  o f  t h e  c h i .  samples  
were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  f r e q u e n c y  o f  winds  w i th  r e s u l t a n t  
speeds  > 5 . 0  a  a * o c c u r r i n g  d u r i n g  th e  c h l o r o p h y l l  s a m p l in g  s e r i e a  ( f i g .  
J . 7 ) .  C h i ,  c o n c e n t r a t i o n s  were  i n v e r s e l y  r e l a t e d  t o  f r e q u e n c y  o f  h i g h  
w inds ,  ( r  ** - 6 8 ;  F>*.029; n » l 0 )  w h i l e  t h e  CV f o r  t h e  c h i .  samples  wsa 
d i r e c t l y  c o r r e l a t e d  w i th  f r e q u e n c y  o f  h i g h  winds  ( r  » . 7 7 ;  F - , 0 1 4 ;  n _9 ) .  As 
a r e s u l t ,  d e c r e a s e s  in  c h i .  c o n c e n t r a t i o n s  w e re  accompanied  by i n c r e a s e s  in  
c h i .  s p a t i a l  v a r i a b i l i t y  ( r  = - . 4 1 ;  P ■ . 0 0 5 ;  n * 4 4 ) ,  N e i t h e r  o r g a n i c  
m a t t e r  c o n c e n t r a t i o n  n o r  c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h e  o r g a n i c  m a t t e r  
samples were c o r r e l a t e d  w i th  wind p a r a m e t e r s .  These d i f f e r i n g  r e s u l t s  may 
be a t t r i b u t a b l e  t o  s t e e p e r  c o n c e n t r a t i o n  g r a d i e n t s  o f  c h i .  r e l a t i v e  t o
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F i g u r e  3 . 7 .  R e l a t i v e  c h l o r o p h y l l  c o n c e n t r a t i o n  (1 ■ 235) and r e l a t i v e
c o e f f i c i e n t  o f  v a r i a t i o n  o f  t h e  c h l o r o p h y l l  sample?  (1 ”  401) 
a s  a f u n c t i o n  o f  t h e  r e l a t i v e  f r e q u e n c y  o f  days  w i t h  r e s u l t a n t  
wind speed?  >_ 5 . 0  m a  ^ o c c u r r i n g  d u r i n g  t h e  c h l o r o p h y l l  
s am pl ing  s e r i e s  each  month (1 “ 5 d a y s ) .
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o r g a n ic  m a t t e r  in  t h e  s u r f a c e  s e d i m e n t s ,  m ak ing  c h i .  more s u s c e p t i b l e  t o  
e r o s i o n .  In  s e d i m e n t s ,  i n c i d e n t  l i g h t  d e c r e a s e s  t o  1-101 o f  s u r f a c e  v a l u e s  
a t  d e p t h s  < . 5  cm even  i n  san d  ( T a y l o r  1964;  Gargaa  1970;  F e n c h e l  and 
S ta a ru p  1971; Rianyk and P h inney  1 9 7 2 a ) .  M i c r o a l g a e  a r e  a l s o  o f t e n  
c o n c e n t r a t e d  in  the  t o p  few m i l l i m e t e r s  o f  s e d i m e n t  (G argas  1970;  Leach 
1970) e s p e c i a l l y  in  w i n t e r  when l i g h t  is  o f t e n  l i m i t i n g  (G a rg a s  1970) ,  
whereas o r g a n i c  m a t t e r  i s  d i s t r i b u t e d  more e v e n l y  t h r o u g h  t h e  s u r f a c e  
sed im en ts  ( S t e e l e  and B a i r d  1968; p r e v i o u s  c h a p t e r ) .
F i g u r e  3 . 3  shows t h a t  t h e  f r e q u e n c y  o f  d i s r u p t i v e  winds  ( s p e e d s  > 5 , 0  u  
s *) o c c u r r e d  on h a l f  o f  t h e  days f ro m  March th r o u g h  May. F r e q u e n t  
d i s r u p t i o n  o f  the  s e d i m e n t  s u r f a c e  may p a r t i a l l y  n e g a t e  t h e  p o s i t i v e  e f f e c t s  
o f  s p r i n g  i n c r e a s e s  i n  l i g h t *  t e m p e r a t u r e  and  p h o t o p e r i o d  on p r o d u c t i o n  of  
g r e a t e r  a u t o t r o p h i c  b i o m a s s .  I n c r e a s e d  s p r i n g  l i g h t  c o u l d  a l lo w  c h i ,  
c o n c e n t r a t i o n s  to  i n c r e a s e  o v e r  a b r o a d e r  s e d i m e n t  d e p t h  r a n g e  th u s  
p r o v i d i n g  some p r o t e c t i o n  f rom e r o s i o n  f o r  p o r t  o f  t h e  community even though 
g e n e r a l  wind c o n d i t i o n s  were  a d v e r s e  in  s p r i n g .  Wind c o n d i t i o n s  were 
f a v o r a b l e  in  J u n e ,  and  r e m a in ed  r e l a t i v e l y  f a v o r a b l e  f o r  t h e  r e m a in d e r  of  
t h e  s t u d y .
The i n f l u e n c e  o f  wind on the  s h o a l  e c o s y s t e m  may be more  im p o r t a n t  t h a n  
th e  c o r r e l a t i o n s  would s u g g e s t  s i n c e  v i n d - r e l a t e d  se d im e n t  r e s u s p e n s i o n  i s  
a f f e c t e d  by many o t h e r  f a c t o r s .  One o f  t h e  p r i m a r y  f a c t o r s  i s  f e t c h ,  which 
i n f l u e n c e s  wave f o r m a t i o n  ( G a b r i e l s o n  and L u k a t e l i c h  1 9 8 5 ) .  F e t c h  i s  a 
f u n c t i o n  o f  l o c a l  t o p o g ra p h y *  wind d i r e c t i o n  and wind d u r a t i o n  ( G a b r i e l s o n  
and L u k a t e l i c h  1 985) .  At t h e  s tu d y  B i t e ,  w in d s  f rom 300-320  d e g r e e s  blow 
unimpeded o v e r  w a te r  f o r  more than  t w i c e  t h e  d i s t a n c e  aa winds  from any 
o t h e r  d i r e c t i o n ,  so t h a t  winds  w i th  speeds  < 5 m e  ^ may c a u s e  a p p r e c i a b l e  
wave deve lopm en t  and g r e a t e r  r e s u s p e n s i o n  t h a n  s t r o n g e r  w inds  from o t h e r
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d i r e c t i o n s .  The d u r a t i o n  o f  a g iv e n  p r e v a i l i n g  wind i s  a l s o  im p o r ta n t  in
wave f o r m a t i o n .  A c o n s t a n t  wind o f  a g iv e n  s p e e d  p ro d u c e s  g r e a t e r  wave
a c t i o n  t h a n  v a r i a b l e  w inds  w i th  the  same r e s u l t a n t  speed and d i r e c t i o n .
However,  d ay s  w i t h  l i g h t  r e s u l t a n t  winds  may s t i l l  be a s s o c i a t e d  w i th
s i g n i f i c a n t  s u r f a c e  s e d im e n t  e r o s i o n  i f  b r i e f  wind g u s t s  and wind-wave
f o r m a t i o n  o c c u r  a t  low t i d e .  A l s o ,  t h e  r e l a t i o n s h i p  be tween  s ed im en t
r e s u s p e n s i o n  and wind speed  i s  n o n - l i n e a r .  G a b r i e l s o n  and L u k a t e l i c h  (1985)
found  t h a t  s e d im en t  r e s u s p e n a i o n  was a f u n c t i o n  o f  t h e  t h i r d  power of  wind
_2
s p e e d .  As i n d i c a t e d  by t h e  c h i .  sample of  15 March (7 mg m ) ,  v i r t u a l l y  
a l l  t h e  c h l o r o p h y l l  can be s cou red  from t h e  s e d i m e n t  s u r f a c e ,  im p ly ing  t h a t  
a t  some p o i n t ,  f u r t h e r  i n c r e a s e s  i n  wind s p e e d s  w i l l  have  l i t t l e  a d d i t i o n a l  
e f f e c t .  Such a n o n - l i n e a r  r e l a t i o n s h i p  would low er  t h e  c o r r e l a t i o n  be tween  
c h i .  c o n c e n t r a t i o n  and wind s p e e d .
Community r e s p i r a t i o n
Sedim ent  r e s p i r a t i o n  as  a f u n c t i o n  o f  t e m p e r a t u r e  i s  shown i n  f i g *  3 . 8 -  
The b e s t  f i t  o f  th e  d a t a  shoved t h a t  mean r e s p i r a t i o n  i n c r e a s e d  l i n e a r l y  
w i th  t e m p e r a t u r e  ( r  “ 0 . 5 3 ;  P“ .0Q 02) .  P r e v i o u s  s t u d i e s  have  s u g g e s t e d  o t h e r  
e m p i r i c a l  forms of  t h e  r e l a t i o n s h i p  be tw een  t e m p e r a t u r e  and r e s p i r a t i o n .
2The r e s p i r a t i o n  d a t a  a l s o  f i t  an e x p o n e n t i a l  r e g r e s s i o n  on t e m p e r a t u r e  ( r  ■ 
0 . 4 2 ;  P“ . 0 0 1 6 ) ,  A s i m i l a r  form p ro p o s e d  by (Nixon e t  a l ,  1976) i s  a l o o  
shown i n  f i g .  3 . 8 .  The g r e a t  d i f f e r e n c e  be tw een  t h e  two e x p o n e n t i a l  
e x p r e s s i o n s  p ro b a b ly  r e s u l t s  from d i f f f e r i n g  h e t e r o t r o p h i c  biomasa be tw een  
t h e  c o n n u n i t i e a . A lo g  temp. v s .  lo g  r e s p i r a t i o n  form, s u g g e s t e d  by 
H arg rav e  (1969)  p roduced  a  s l i g h t y  p o o r e r  f i t  t h a n  t h e  u n t r a n s f o r m e d  d a t a
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- 2  -1F ig u r e  3 . 3 .  R e g r e s s i o n s  o f  a v e r a g e  r e s p i r a t i o n  (tug O^ tn ti ) on
t e m p e r a t u r e .  The l i n e a r  r e g r e s s i o n  i s  r e s p i r a t i o n  ■* 2*33
2
t e m p e r a t u r e  -  7 .70  ( r  ” . 5 3 ;  P *• .0002 ) ,  t h e  exp o n en t ia l
, . ■ *08 temp. + 1 .82  , 2r e g r e s s i o n  ( w*— O i s  r e s p i r a t i o n  *■ e ( r
. 4 2 ;  P = . 0 0 1 6 ) ,  A lso  ehown i n  an e x p o n e n t i a l  exp re s s ion
(■------ ) g i v e n  by Nixon e t  a l ,  1976,  r e s p i r a t i o n  ■
.15 temp. + 2 .09e .
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( r 2 -  . 3 6 ,  P -  . 0 0 3 1 ) .
F i g u r e  3 .8  p o i n t s  o u t  t h e  i n f l u e n c e  o f  o t h e r  f a c t o r s  on s ed im en t  
r e s p i r a t i o n .  For  e x a m p le , t h e  h ig h  s h o r t - t e r m  v a r i a b i l i t y  in  sed im ent  
community r e s p i r a t i o n  i s  u n r e l a t e d  t o  t e m p e r a t u r e  ( s e e  l a s t  c h a p t e r ) .
R e s i d u a l  v a r i a b i l i t y  may r e s u l t  from change  in  h e t e r o t r o p h i c  b iom ass  a n d / o r  
h e t e r o t r o p h i c  m e ta b o l i s m .  The s h a r p  d e c r e a s e  in  r e s p i r a t i o n  between 22-23 
Ju n e  and 30 J une  ( f i g .  3 . 2 a ;  t e m p e r a t u r e  change of  on ly  2 5 , 6 - 2 4 . 8 )  f o r  
exam ple ,  c o u ld  r e s u l t  from reduced  h e t e r o t r o p h i c  b io m a s s ,  o r  a d e c r e a s e  in  
r e s p i r a t i o n  coup led  to  a d e c r e a s e  in  n e t  p r o d u c t i o n  ( f i g ,  3 . 2 a ) ,  s i n c e  F:R 
changed  o n ly  s l i g h t l y  ( t a b l e  3 , 2 ) .  Recen t  r e s e a r c h  h a s  shown t h a t  B e d ia e n t  
r e s p i r a t i o n  i s  a f f e c t e d  by t h e  s u p p ly  o f  o r g a n i c  m a t t e r  t o  the  b e n t h o s  ( s e e  
d i s c u s s i o n  in  Kemp and Boynton  1 9 8 1 ) .  In  many b e n t h i c  s y s t e m s ,  o r g a n i c  
m a t t e r  s u p p ly  i s  l a r g e l y  d e r i v e d  f rom  s e d i m e n t a t i o n  (Nixon e t  a l .  i 9 6 0 ;
Boynton e t  a l .  1 9 8 0 ) .  The P:R r a t i o s  shown i n  t a b l e  3 . 2  i n d i c a t e  t h a t  b o th  
t h e  w a t e r  column and s e d im e n t  com m uni t ies  a r e  r e a s o n a b l y  b a l a n c e d  w i t h  
r e s p e c t  t o  p r o d u c t i o n  and co n s u m p t io n ,  s u g g e s t i n g  t h a t  w a t e r  column i n p u t s  
t o  t h e  s e d im en t  a r e  s m a l l .  I n  a d d i t i o n ,  e x c l u d i n g  t h e  h i g h  7:R v a l u e  f o r  
t h e  sed im en t  on 13 A p r i l ,  d a i l y  P:R r em a in s  r e l a t i v e l y  c o n s t a n t  d e s p i t e  
l a r g e  d a y - t o - d a y  and s e a s o n a l  changes  in  m e t a b o l i c  r a t e s .  Th is  i n d i c a t e s  a 
c l o s e  c o u p l in g  between n e t  p r o d u c t i o n  and r e s p i r a t i o n  and s u g g e s t s  t h a t  
s e d im en t  n e t  p r o d u c t i o n  s u p p l i e s  most  o f  t h e  l a b i l e  o r g a n i c  m a t t e r  r e s p i r e d  
in  t h e  s e d i m e n t s .
F lu x  o f  n u t r i e n t s  be tween s e d im en t  and w a t e r
Average m onth ly  c o n c e n t r a t i o n s  o f  ammonium, p h o s p h a t e ,  n i t r a t e  and 
n i t r i t e  in  t h e  w a t e r  column a r e  shown in  f i g .  3 . 9 .  Ammonium and p h o s p h a t e
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F i g u r e  3 . 9 .  A verage  m o n t h ly  w a t e r  column c o n c e n t r a t i o n s  o f  ammonium, 
p h o s p h a t e ,  n i t r a t e  and  n i t r i t e  ( u g - a t  H o r  ?  1 ^ ) ,
iL—I d Jo n  P —6n
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c o n c e n t r a t i o n s  were low es t  in  w i n t e r  and e a r l y  s p r i n g .  Ammonium
c o n c e n t r a t i o n s  doub led  between Kay and J u n e ,  r e a c h e d  a maximum i n  e a r l y
O c t o b e r ,  and d e c l i n e d  t h e r e a f t e r .  P h o s p h a t e  c o n c e n t r s t i o n H  r e a c h e d  a
maximum in J u n e ,  d e c l i n e d  t o  s p r i n g  l e v e l s  by August  and rem a ined  f a i r l y
c o n s t a n t  th r o u g h  December.  The s e a s o n a l  v a r i a t i o n s  in n i t r a t e
c o n c e n t r a t i o n s  were t y p i c a l  of  t h e  Chesapeake  Bay.  However, t h e y  a r e  ab o u t
an o r d e r  o f  m a g n i tu d e  l e s s  t h a n  c o n c e n t r a t i o n s  i n  t h e  upper bay  ( D ' E l i a  e t
a l ,  1982),  N i t r a t e  c o n c e n t r a t i o n s  were  h i g h e s t  d u r i n g  s p r i n g ,  d e c l i n e d
d u r i n g  summer, and i n c r e a s e d  a g a i n  i n  f a l l .  N i t r i t e  c o n c e n t r a t i o n s  were
a lways  £  0 . 1 4  u g - a t - N  1 * and v a r i e d  l i t t l e  o v e r  t h e  s tu d y .
The mean h o u r l y  f l u x  r a t e s  o f  ammonium, p h o s p h a t e ,  n i t r a t e  and n i t r i t e
be tween  t h e  s ed im en t  and t h e  w a t e r  column a r e  shown in  f i g u r e s  3 . 1 0  a - d . As
i n  most s t u d i e s  of  a p h o t i c  s e d im e n t s  ( s e e  r ev ie w  by Nixon and P i l s o n  1983) ,
ammonium vbb t h e  dominan t  form o f  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  exchanged
between s e d im e n t  and w a t e r  a v e r a g i n g  8 4 ,6 *  ( r a n g e  “ 37—100%) o f  t h e  t o t a l
d i s s o l v e d  i n o r g a n i c  n i t r o g e n  f l u x  in  t h e  d a rk  domes.  The a v e r a g e  r a t e  o f
-2 -1ammonium r e l e a s e  to  t h e  w a t e r  column was 112 u g - a t  N m h o v e r  t h e  s t u d y ,
s i m i l a r  to  r a t e s  in  o t h e r  e s t u a r i n e  and c o a B t a l  a r e a s  ( t a b l e  3 . 2 ) ,
W i th in  t h e  t r a n s p a r e n t  domes ammonium r e l e a s e  was on ly  253 o f  t h e
r e l e a s e  o c c u r r i n g  w i t h i n  t h e  d a rk  domes.  The a v e r a g e  f l u x  r a t e  was 28 u g - a t  
- 2 - 1N m h , s i g n i f i c a n t l y  l e s s  (P ■ .025)  th a n  r e l e a s e  w i t h i n  t h e  d a rk  domes. 
S t u d i e s  on n u t r i e n t  e xcha nges  be tween  sed im en t  and w a t e r  o c c u r r i n g  d u r in g  
p h o t o s y n t h e s i s  o f  t h e  s e d im e n t  community have  been  few. P ropp  e t  a l .  (1980)  
measured  oxygen  and n u t r i e n t  f l u x e s  on s i x  a c c e s s i o n s ,  d u r i n g  b o th  day and 
n i g h t .  On a s i n g l e  s p r i n g  d a t e ,  n e t  p r o d u c t i o n  was p o s i t i v e  d u r i n g  t h e  d a y ,  
and a s s o c i a t e d  w i th  v e r y  low f l u x  ammonium from t h e  sed im ent ( t a b l e  3 . 2 ) .
Net  p r o d u c t i o n  was n e g a t i v e  on t h e  o t h e r  f i v e  sam p l in g  d a t e s .  Ammonium was
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F i g u r e  3 , 1 0 ,  A v e r a g e  h o u r l y  f l u x e s  o f  n u t r i e n t s  between sediment and w a te r
_2( u g - a t  N o r  P m ) i n  t r a n s p a r e n t  and d a r k  domes.  A, 
Ammonium. ! ,  N i t r a t e ,  C. N i t r i t e .  D. P h o sp h a te ,
P o s i t i v e  v a l u e s  d e n o t e  r e l e a s e  from the  s e d im e n t .
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T a b l e  3 . 3 .  Nutr ien t :  f l u x e s  between s e d im en t  and w a t e r  in  e s t u a r i n e  and
c o a s t a l  m a r in e  e c o s y s t e m s .  A, A p h o t i c  s e d im e n t s  o r  d a rk  i n c u b a t i o n s .  B.
E u p h o t i c  s e d i m e n t s ,  n e t  p r o d u c t i o n  (HP) p o s i t i v e  (+) o r  n e g a t i v e  ( - ) .  K a te s
- 2 - 1a r e  u g - a t  N o r  P m h , r e l e a s e  d e n o t e d  by p o s i t i v e  v a l u e s ,  u p t a k e  by 
n e g a t i v e  v a l u e s .  N i n d i c a t e s  n e g l i g a b l e  o r  u n d e t e c t a b l e  r a t e s .
A. S i t e Ammonium N i t r a t e  P h o e o h a te Temn
1 . Loch T h u r n a i g ,  OK (mud, AX C) <1,76 H c a .  7-12
2. S o u th  R i v e r ,  NC 0,267 0 ,6 - 8 ,2 3 1-22
Neuse R i v e r ,  NC 7 1 , ASA 0 , 6 - 2 ,4 6
Newport R i v e r ,  NC ( s a n d ,  s h e l l ) 0 0 0
3 . Cape Lookout B i g h t ,  NC (mud) 22,796 N - 1 , 3 2 5-28
A. Tflgue Bay,  VI ( s a n d ,  .1 9 - .5 9 X  C) - 9 0 ,3 7 2 -1 3 1 ,1 4 1 c a , 26
5. Potomac R i v e r ,  MD
t i d a l  r i v e r  ( s a n d y  mud) 1A3,389 - 1 5 , 1 5 0 ,3 Aug,
t r a n s i t i o n  (mud) 49 ,746 - 6 8 , 5 7 - 8 , 1 9
lower  e s t u a r y  (mud) - 1 0 0 , 8A3 - 4 2 , 8 1,56
6 . P a t u x e n t  R i v e r ,  MD ( 1 , 5 - 2 , 6 1  o r g . ) - 1 0 5 ,1 5 8 4 - 6 7 4 ,1 0 0 1 ,295 3 -29
7. Co lne P t .  UK ( s a l t m a r s h  mud) 18 ,58 1 .3 20
8. Chesapeake  Bay, MD (1-7X C) 36 ,821 - 1 5 0 ,7 5 - 5 ,  A0 Msy*Aug.
9. Buzzards  Bay,  MA 3 , 1 2 4 <1.5 - 1 5 , 5 2-16
E e l  Pond,  MA 8 ,1 2 8 - 2 , 2 7*22 20
10. N a r r a g a n s e t t  Bay R1 - 8 , 6 0 3 -25
11 . N a r r a g a n s e t t  Bay,  Rl ( 1 .5 - 4 . 5 X  0) 0 ,  A00 - 3 0 , 1 1 0 3 -25
12. c o a s t a l  G eo rg ia  ( . 3 1  C) 165 5 37 28
13. Roskeeda Bay,  I r e l a n d 8 ,67 - 1 , 6 4-18
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T ab le  3 . 5 ,  C on t inued .
14.  York R ive r  (16 a ;  mud) 28B -511 - 4 7 ,1 1  25*26
(9m; send)  162 18 26-27
R. S i t e     Ammon i um H i t  r a t e  Phospha te  Temp
14.  York R iv e r  (3m; s a n d ;  +NF) 22,97 734,936 27-28
(3m; H and; -NP) 191 7
15.  Voatclt Bay (+NF day on ly ) .3 .7 .4
(-NP day o n ly ) -7 ,3 1 - . 1 . 4 2-4
( -N F  d a y  o n ly ) 109,147 18,61 20-21
16.  La J o l l a ,  CA (+NP) . 2 , . 6 - . 2 , . 2 - . 1 ,  ,2 11-16
( d a r k  e n c l o s u r e s ) - 1 .2 0 , .  I . 1 ,  ,5
17.  Waddensea N ether lands ( S t a .  K) - 2 0 6 . - 8 3 - 2 0 8 .0 -8*42 . . . . .
1. D av ies .  1975. 9* Rove e t  a l ,  1975.
2 . F i s h e r  e t  a l .  1982. 10. Nixon e t  a l .  1960.
3 . Klump and K a r l e n s .  1981. 11, Nixon e t  a l . 1976.
4 . U i lH am s  e t  a l .  1985, 12. Hopkinsun  and W e t u e l . 1962
5. C a l l e n d e r  and Hammond. 1982, 13. R a i n e  and P a t c h i n g ,  1980.
6 . Boynton e t  a l .  I960 . 14. P h o e l  e t  a l , 1960.
7 . H edve l1. 1982. 15. P ro p p  e t  a l ,  19B0*
8 . Boynton and Kemp. 1965* 16. H a r t v i g .  1976.
17,  R u t g e r s  van d e r  Loef f  e t  a l .  1901.
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t a k e n  up d u r in g  t h e  day on one of  t h o s e  d a t e s  and on two o t h e r  d a t e s  
ammonium r e l e a s e  was lower d u r i n g  Che day t h a n  a t  n i g h t .  However, 
s im u l tan e o u s  d ay - t im e  measurementa o f  r e s p i r a t i o n  and n u t r i e n t  f l u x e s  were 
n o t  made* so i t  can n o t  be d e t e rm in e d  w h e th e r  t h e s e  d a y / n i g h t  d i f f e r e n c e s  
were  due to  changes  i n  r e s p i r a t i o n ,  o r  t o  changes  in t h e  a c t i v i t y  o f  th e  
a u t o t r o p h i c  community d u r in g  t h e  day .
Phoel e t  a l -  (1981)  made n u t r i e n t  and oxygen f l u x  m easu rem en ts  in  
August  a t  one s i t e  in  the  York R iv e r  s u f f i c i e n t l y  s h a l l o w  (3 m) to  s u p p o r t  a 
b e n t h i c  m i c r o f l o r a .  They found t h a t  r e l e a s e  of  ammonium from t h e  s ed im en t  
n e a r l y  doubled a s  t h e  Bediment became a p h o t i c  ( t a b l e  3 . 2 ) .
On an i n t e r t i d a l  u u d f l a t ,  ammonium u p ta k e  o c c u r r e d  r e g a r d l e s s  of  t h e  
d i r e c t i o n  o f  oxygen f l u x ,  and a g a i n s t  c o n c e n t r a t i o n  g r a d i e n t s  on two 
o c c a s s i o n s  (R u tge rs  van  d e r  L o e f f  e t  a l .  1 981 ) ,  They c o n c lu d e d  t h a t  
amnonius was p r e s e n t  f a r  in  e x c e s s  o f  t h e  p h o t o s y n t h e t i c  r e q u i r e m e n t s  of  t h e  
b e n t h i c  m i c r o f l o r a  and a t t r i b u t e d  t h e  o bse rved  f l u x e s  t o  h ig h  d e n s i t i e s  o f  
b o th  n i t r i f y i n g  and d e n i t r i f y i n g  b a c t e r i a  w i t h i n  t h e  s u r f a c e  s e d i m e n t ,  which 
a p p a r e n t l y  c o n t r o l l e d  ammonium exchanges  on t h e  m u d f l a t  th r o u g h  c o u p l in g  o f  
n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  p r o c e s s e s .
Although t h e  magnitude  o f  sed im ent  ammonium r e l e a s e  d i f f e r e d  
s i g n i f i c a n t l y  between t h e  dome t r e a t m e n t s ,  t h e  s e a s o n a l  p a t t e r n  o f  change 
was s i m i l a r  ( f i g u r e  3 . 1 0 a ) ,  Ammonium r e l e a s e  from t h e  s e d i m e n t s  o c c u r r e d  on 
n e a r l y  a l l  sampl ing  d a t e s ,  and a t  maximum r a t e s  in  summer. S l i g h t  ammonium 
up take  o c c u r r e d  on th e  f i n a l  two h a l f - d a y  samples  in l a t e  Nov. and Dec.  in 
b o th  dome t r e a t m e n t s ,  and a l s o  in A p r i l  w i t h i n  t h e  t r a n s p a r e n t  domes.  In  
e a t u a r i n e  a r e a s  sed im en t  ammonium r e l e a s e  o f t e n  peaks in  summer and i s  low 
o r  n e g a t iv e  ( u p t a k e )  in  c o l d e r  w e a th e r  ( F i s h e r  e t  a l . 1982;  Nixon e t  a l .  
1976; Boynton e t  a l ,  1980; R a ine  and P a t c h i n g  1980; Boynton  and Kemp 1985;
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ftlump and M ar tens  1 9 8 1 ) .  S in c e  r e s p i r a t i o n  t e n d s  to  be g r e a t e r  in  t h e  
a f t e r n o o n  ( p r e v i o u s  c h a p t e r ) ,  had a f t e r n o o n  sam p l in g  been p o s s i b l e  on th e  
f i n a l  two sa m p l in g  d a y s ,  t h e  mean h o u r l y  ammonium f l u x  may have  shown 
r e l e a s e  from t h e  s e d im e n t s  on t h e  f i n a l  two sam p l in g  days  a s  w e l l .  I n  
a d d i t i o n ,  w a t e r  column ammonium c o n c e n t r a t i o n s  were  s t i l l  r e l a t i v e l y  h i g h ,  
such t h a t  d u r i n g  t h e  f i n a l  two sa m p l in g  d a t e s  t h e  a b s e n c e  o f  a p p r e c i a b l e  
n u t r i e n t  r e g e n e r a t i o n  w i t h i n  t h e  s e d im e n t s  may have  r e s u l t e d  i n  low 
i n t e r s t i t i a l  c o n c e n t r a t i o n s  o f  ammonium and a d i f f u s i o n  g r a d i e n t  of  ammonium 
i n t o  t h e  s ed im en t  ( f i g -  3 . 9 ) .
I n  c o n t r a s t  t o  t h e  ammonium f l u x e s ,  p h o s p h a t e  f l u x e s  were  n o t
s i g n i f i c a n t l y  d i f f e r e n t  be tw een  dome t r e a t m e n t s  (P * . 9 7 0 ) .  The r a n g e  f o r
- 2  - 1t h e  d a rk  domes was - 3 - 2 3  t o  75 .61  u g - a t  P m  h , and - 5 . 9 2  Co 7 9 .7 2  u g - a t  
- 2 - 1P m  h f o r  t h e  t r a n s p a r e n t  domes, a g r e e i n g  w e l l  w i t h  o t h e r  r e p o r t e d  r a t e s  
( t a b l e  3 . 2 ) .  The la c k  of  s i g n i f i c a n t  d i f f e r e n c e s  in  p h o s p h a t e  f l u x  be tween  
dome t r e a t m e n t s  s u g g e s t s  t h a t  p h o s p h a t e  i s  g e n e r a l l y  p r e s e n t  in  e x c e s s  o f  
b e n t h i c  m i c r o f l o r a l  p h o t o s y n t h e t i c  demands in  c o n t r a s t  t o  ammonium which is  
i n t e n s i v e l y  r e c y c l e d .  T h i s  i s  in  ag reem en t  w i t h  P ropp  e t  a l .  (1981 )  who 
a l s o  found no s i g n i f i c a n t  d i f f e r e n c e  i n  p h o s p h a te  r e l e a s e  be tween  day and 
n i g h t ,  s u g g e s t i n g  l i t t l e  m i c T o f l o r a l  impac t  on p h o s p h a t e  f l u x e s .
P h o sp h a te  r e l e a s e  peaked  i n  summer w h i l e  s l i g h t  u p t a k e  o c c u r r e d  in  
November and December in  b o t h  dome t r e a t m e n t s ,  and on 4 March w i t h i n  t h e  
t r a n s p a r e n t  domes.  F lu x e s  o f  ammonium and p h o s p h a t e  were  a lw ays  i n  t h e  same 
d i r e c t i o n  w i t h i n  t h e  d a r k  domes,  and were  i n  t h e  s a n e  d i r e c t i o n  on 9 o f  12 
days  w i t h i n  t h e  t r a n s p a r e n t  domes. Large  summer r e l e a s e s  o f  p h o s p h a t e  
(Boynton e t  a l -  1980;  Rlump and M ar tens  1981) and e xcha nges  < 0 ,  a t  
t e m p e r a t u r e s  _< 15 C a r e  t y p i c a l  f i n d i n g s  f o r  t e m p e r a t e  e s t u a r i e s  (Nixon e t
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a l *  1980; Kluup  and M arten*  1961; F i s h e r  e t  a l ,  1983; Boynton and Kemp 
1985).
In many o t h e r  s t u d i e s  n i t r a t e  and n i t r i t e  f l u x e s  v e r e  e x t r e m e ly  low
co m p r i s in g  o n l y  a s m a l l  p e r c e n t a g e  o f  the  t o t a l  i n o r g a n i c  n i t r o g e n  f l u x
(Nixon e t  a l .  1976; Ra ine  and P a t c h i n g  1980; Flump and M ar ten s  1981;
Nopkinson and Wet t e l  1983;  F i s h e r  e t  a l .  1982) .  However, in  some a r e a s  o f
t h e  upper  Chesapeake Bay,  s p r i n g  f l u x e s  of n i t r a t e  a r e  an o r d e r  o f  m a g n i tu d e
g r e a t e r  (B oyn ton  et  a l .  1960;  Boynton  and Kemp 1985).  N i t r i t e  f l u x e s
comprised  l e s a  than 31 o f  t h e  t o t a l  d i s s o l v e d  i n o r g a n i c  n i t r o g e n  f l u x e s  in
b o th  dome t r e a t m e n t s  ( f i g .  3 . 1 0 c ) .  N i t r a t e  f l u x e s  were a l s o  low, a v e r a g i n g
o n ly  13.01  o f  t h e  t o t a l  i n o r g a n i c  n i t r o g e n  f l u x  in  the  d a r k  domes,  and 1 4 ,3 1
- 2  -1in  the  t r a n s p a r e n t  domes.  The maximum n i t r a t e  f l u x  was 26 .10  u g - a t  N m h
-2 -1i n  the  d a rk  domeB and - 4 4 . 9 7  u g - a t  N m h in  t h e  t r a n s p a r e n t  domes.  In
t h e  d a rk  domes,  n i t r a t e  v a s  t a k e n  up  by the  sed im ent  on B o f  13 sam p l ing
d a y s ,  bu t  t h e  l a r g e s t  excha nges  v e r e  r e l e a s e s  from t h e  s e d im e n t  in  March-Hay
r e s u l t i n g  in  an  ave rage  f l u x  o u t  o f  the  sed im ent over  t h e  s tu d y  ( f i g .
3 . 1 0 b ) .  In  c o n t r a s t ,  n i t r a t e  u p t a k e  vas obse rved  on 9 o f  13 sam p l ing  d a t e s
w i t h i n  t h e  t r a n s p a r e n t  domes,  w i t h  o n ly  s l i g h t  r e l e a s e s  (< 2 .1 0  u g - a t  N 
- 2 - 1 ,m h ) o c c u r r i n g  on f o u r  o c c a s s i o n s .
Water  column n u t r i e n t  dynamics
The n u t r i e n t  dynamics  o c c u r r i n g  w i th i n  t h e  water  column a r e  shown i n
f i g .  3 .11  s ~ d . In t h e  d a r k  domes, t h e  av e rage  ammonium p r o d u c t i o n  o f  th e
- 2  - 1w a te r  column vas  109 u g - a t  H m h , n e a r l y  equa l  to  t h e  se d im e n t  r e l e a s e ,
-2  -1bu t  was much more v a r i a b l e ,  ( -107  t o  444 u g - a t  N ® h ) •  A l s o ,  ammonium 
vas  removed from th e  w a t e r  column in  the  d a r k  on h a l f  o f  t h e  summer sa m p l in g
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Figure 3 .1 J . Average h o u r ly  f l u x e s  of  n u t r i e n t s  w i t h i n  the  w a t e r  column 
- 2( u g - a t  m ) ,  A. Ammonium. B. N i t r a t e .  C. N i t r i t e ,
D, P h o s p h a te .  P o s i t i v e  v a l u e s  d e n o t e  p r o d u c t i o n  o f  n u t r i e n t
X )  : 
C  £
O )  u
£t
<o
CcUl,
i l
i/>m
o
O
o
o
o
l-M Z - w  N + ° -6 n
4—
X
o
T P —I
C (XL
<D U Jcn 5
3 t
<]
ccl
<
a
ac
i
x
CM
O
ID
CD
(N
o
l-H Z-uJ N 4»-St1
M
O
N
TH
i—
Xo
"D —I
C ct
0) ui
CD t5
. 3
*
K<a
oc
U J
t
IN
tfi
o
INI
Ooo
(N |
t - 4  2 —lu n p - 6 n
~ o
»—
X .
o
_ l
c ( £
a > l*J
a >
— i
> < 00 O
iO
O
oo
l- i)  2 —uj d jo-6n
70
d a t e s ,  w h i l e  ammonium was a lways  r e l e a s e d  by t h e  s e d i m e n t s  i n  t h e  summer
( f i g s ,  3 . 1 0 - 3 . 1 1 ) -  In  t h e  t r a n s p a r e n t  domes,  t h e  w a t e r  column removed
- 2  -1ammonium a t  an a v e ra g e  r a t e  o f  85 u g - a t  N m h , a b o u t  e q u a l  t o  t h e  a v e ra g e
p r o d u c t i o n  o f  ammonium w i t h i n  t h e  w a t e r  column in  t h e  d a r k -  U p take  was
obse rved  on 8 o f  12 o t c a s s i o n o ,  and vas  g r e a t e s t  d u r i n g  summer ( f i g ,  3 . 1 1 a ) .
W i th in  the d a r k  domes,  p h o s p h a t e  f l u x e s  v e r e  e r r a t i c ,  from - 3 6  t o  64 
-2  -1u g - a t  F in h , had no e v i d e n t  s e a s o n a l  p a t t e r n ,  and were  g e n e r a l l y  s m a l l e r
than  th e  f l u x e s  be tween sed im en t  and w a t e r -  W i th in  th e  t r a n s p a r e n t  domes,
w a te r  column p h o s p h a te  f l u x e s  w ere  g r e a t e r ,  r a n g i n g  from -41 t o  66 u g - a t  P 
- 2  -1m h . P hospha te  u p ta k e  o c c u r r e d  on 5 o f  7 s p r in g / s u m m e r  s a m p l e s ,  and 
r e l e a s e  on 5 of  6 f a l l / w i n t e r  d a t e s  ( f i g .  3 . l i d ) .
N i t r a t e  p lu s  n i t r i t e  f l u x e s  i n  t h e  w a t e r  column were o f  g r e a t e r  
m agn i tude  r e l a t i v e  t o  t h e  s e d im e n t  f l u x e s ,  a v e r a g i n g  271 o f  t h e  t o t a l  
d i s s o l v e d  n i t r o g e n  f l u x  ( r a n g e  "  2 -991 )  in  t h e  d a r k  domes and 341 ( r a n g e  ■ 
4-881)  i n  the  t r a n s p a r e n t  domes.  In  t h e  d a r k  domes,  n i t r a t e  v a s  removed 
from t h e  w a te r  on 62X of t h e  s a m p l in g  d a t e s ,  i n c l u d i n g  a l l  s a m p l in g  days 
from March th rough  May ( f i g .  3 . 1 1 b - c ) .  In  t h e  t r a n s p a r e n t  domes n i t r a t e  and 
n i t r i t e  were removed from t h e  w a t e r  column on  691 and 62X o f  a l l  s a m p l in g  
d a t e s ,  r e s p e c t i v e l y .  W i th in  b o t h  dome t r e a t m e n t s  t h e  m a g n i tu d e  o f  t h e  
combined n i t r a t e  + n i t r i t e  f l u x  c l o s e l y  f o l l o w e d  t h e  s e a s o n a l  p a t t e r n  of 
am bien t  n i t r a t e  c o n c e n t r a t i o n s  i n  t h e  w a t e r  column ( f i g -  3 . 9 ) ,  c o m p r i s in g  
g r e a t e r  than  25Z o f  t h e  t o t a l  i n o r g a n i c  n i t r o g e n  f l u x  in  March -  May, and 
Nov -  Dec.
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F a c t o r s  c o n t r o l l i n g  n u t r i e n t  excha nges  be tween  s e d im e n t  and w a t e r
Sediment r e l e a s e  of  ammonium and p h o s p h a te  i n c r e a s e d  s i g n i f i c a n t l y  and
e x p o n e n t i a l l y  w i th  t e m p e r a t u r e ,  a l t h o u g h  th e  r e l a t i o n s h i p s  were  n o t  s t r o n g  
2
( r  ■ 0 . 2 0 - 0 , 3 4 ;  f i g .  3 , l 2 s - b ) .  S i m i l a r  e q u a t i o n s  g i v e n  by Nixon e t  a l ,
(1980) and Nixon and F i l s o n  (1983)  a r e  a l s o  shown.
Compared to  t e m p e r a t u r e ,  v a r i a t i o n  in  r e s p i r a t i o n  r a t e  e x p l a i n e d  much
2more v a r i a t i o n  in  ammonium f l u x  ( r  “ 0 . 5 0 ) ,  and about  e q u a l  amounts  of  t h e
2
v a r i a t i o n  p h o s p h a te  f l u x  ( r  ** 0 . 2 4 )  ( f i g .  3 , 1 3 a » b ) .  The r e l a t i v e l y
s t r o n g e r  l i n e a r  r e l a t i o n s h i p  between r e s p i r a t i o n  and ammonium f l u x  p a r t i a l l y
e x p l a i n s  the  r e l a t i v e l y  weak r e l a t i o n s h i p  be tween  t e m p e r a t u r e  and ammonium
r e l e a s e .  S in c e  a e r o b i c  r e s p i r a t i o n  d o m in a te s  r e m i n e r a l i i a t i o n  p r o c e s s e s  i n
t h e s e  s e d i m e n t s ,  t e m p e r a t u r e  e x e r t s  on ly  a minor  e f f e c t  on ammonium r e l e a s e
v i a  o t h e r  pa thw ays ,  and s i n c e  t h e  e x p o n e n t i a l  r e l a t i o n s h i p  be tw een
r e s p i r a t i o n  and t e m p e r a t u r e  ( f i g .  3 .B )  e x p l a i n e d  l e s s  t h a n  h a l f  t h e
v a r i a t i o n  in mean r e s p i r a t i o n  r a t e ,  t h e  r e l a t i o n s h i p  be tween  ammonium f l u x
and t e m p e r a t u r e  would n o t  be  e x p e c te d  t o  be s t r o n g e r  t h a n  t h a t  between
r e s p i r a t i o n  and t e m p e r a t u r e .
C o n s i s t e n t  w i th  t h e  d i f f e r e n c e s  be tween  t h e  r e s p i r a t i o n / t e m p e r a t u r e
e x p o n e n t i a l  c u rv e  o f  Nixon e t  a l .  (1976)  and t h a t  d e r i v e d  f rom t h i s  d a t a
( f i g .  3 . 8 ) ,  t h e  d i f f e r e n c e s  i n  ammonium f l u x  be tw een  t h e  e x p o n e n t i a l  curve
o f  Nixon and P r i s o n  (1983)  and t h a t  shown in  f i g -  3 . 1 2  a - b ,  a r e  o f  s i m i l a r
m a g n i tu d e ,  and r e f l e c t  t h e  d i f f e r e n c e s  be tween  t h e  two s y s t e m s  i n  t h e  d e g r e e
o f  t e m p e r a t u r e  dependence  o f  b o th  r e s p i r a t i o n  and ammonium f l u x .
Ammonium and t o  a l e s s e r  e x t e n t  p h o s p h a t e  r e l e a s e  i n c r e a s e  w i th  bo th
2t e m p e r a t u r e  a n d / o r  r e s p i r a t i o n .  R e g r e s s i o n  c o e f f i c i e n t s  ( r  ) be tween .2 and 
.83 a r e  r e p o r t e d  f o r  t h e  r e l a t i o n s h i p  be tween  ammonium r e l e a s e  and
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-2
F i g u r e  3 . 1 2 .  H o u r ly  f l u x e s  o f  ammonium and p h o s p h a t e  ( u g - a t  N o r  P m ) 
b e t w e e n  s e d i m e n t  and w a t e r  a s  a f u n c t i o n  o f  t e m p e r a t u r e .
A.  Ammonium f l u x ,  d a r k  domes “ e ’ *2 te mp.  0 . 0 2  ^ 2  _
P ■> . 0 1 1 7 ) .  B.  P h o s p h a t e  f l u x ,  da rk  domes ■=
e * 13 t e m p ‘ "  1 *12 ( r 2 = . 2 8 ;  P » , 0 0 1 5 ) .  C. Ammonium f lu n
t r a n s p a r e n t  domes ■ e*2 ^ t e m p .  1 .46  ^ 2  _ . 3 9 ;  P “ .0002).
.  , . .16 temp. - 2 .1 5I>. P h o s p h a t e  f l u x ,  t r a n s p a r e n t  domes *■ e
2
{r  a . 3 4 ;  P ■* . 0 0 0 4 ) .  A l s o  p l o t t e d  { s o l i d  l i n e s )  a r e  
e x p o n e n t i a l  e x p r e s s i o n s  f o r  ammonium f l u x  (HE -  
^ . 1 6  t e m p ,  *■ 1 . 9 0  f £ g u r e a  ^  and  C) and p h o s p h a te  f l u x  (F “
^ .1 B  temp.  0 . 2 4  f £ g UTea jj an(j jj j f rom Nixon and P i  1 son 1963
and Nixon e t  a l ,  1980 ,  r e s p e c t i v e l y . P o s i t i v e  v a l u e s  denote 
r e l e a s e  f rom s e d i m e n t .
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F i g u r e  3 . 1 3 .  L i n e a r  r e g r e s s i o n s  o f  ammonium and p h o s p h a te  f l u x  ( u g - a t  N o r
- 2  - 1 . —2 —1 P m h ) on r e s p i r a t i o n  (mg O^m h ) .  A. Ammonium f l u x  “
4 .66  R -  43 .03  ( r 2 “ . 5 0 ;  P "  .0 0 0 0 ) .  B. P h o s p h a te  f l u x  “
2
.51 R -  5 . 4 2  ( r  = . 2 4 ;  P ■ . 0 0 5 5 ) .  P o s i t i v e  v a l u e s  d e n o t e  
n u t r i e n t  r e l e a s e  from th e  s e d i m e n t .
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t e m p e r a t u r e  (Boynton e t  a l . 1980;  R a ine  and P a t c h i n g  1980; F i s h e r  e t  a l ,
1982;  Nixon and P i  I son  1 983) ,  and .2  t o  -94 f o r  oxygen up ta k e  v s .  ammonium 
r e l e a s e  (Boynton e t  a l .  1980; Ra ine  and P a t c h i n g  1980;  Nixon 1981;  F i s h e r  e t  
a l .  1982) ,  a l t h o u g h  R u tg e r s  vac  d e r  L o e f f  e t  a l .  (1981)  r e p o r t e d  no 
c o r r e l a t i o n  between oxygen u p t a k e  and ammonium r e l e a s e .  A r e g r e s s i o n  
c o e f f i c i e n t  o f  .61 vas  r e p o r t e d  f o r  p h o s p h a t e  r e l e a s e  v s .  t e m p e r a t u r e  by 
Nixon e t  a l .  ( 1 9 8 0 ) ,  w h i l e  F i s h e r  e t  a l .  (1982)  found no r e l a t i o n s h i p  
be tween  r e s p i r a t i o n  and p h o s p h a t e  r e l e a s e .
The e x t e n t  to  which ammonium r e l e a s e  i s  c o n t r o l l e d  by t e m p e r a t u r e  
a n d / o r  r e s p i r a t i o n  p r o b a b l y  depends  m o s t l y  on t h e  o x y g e n a t io n  o f  t h e  s y s tem ,  
w i t h  r e s p i r a t i o n  c o n t r o l l i n g  ammonium and p h o s p h a te  r e l e a s e  in  w e l l -  
o x y g en a ted  sy s tem s  and t e m p e r a t u r e  c o n t r o l l i n g  f l u x e s  in  f u l l y  r e d u c e d  
s y s t e m s ,
2The low r  v a l u e s  f o r  p h o s p h a t e  r e l e a s e  as a f u n c t i o n  o f  b o t h  
t e m p e r a t u r e  and r e s p i r a t i o n  i n d i c a t e  t h e  d e g re e  o f  n o n - b i o l o g i c a l  c o n t r o l  
e x e r t e d  on p h o s p h a t e  r e l e a s e  f rom t h e  s e d im e n t .  Under a e r o b i c  c o n d i t i o n s ,  
p h o s p h a t e  i s  bound t o  s e d im e n t s  i n  iT on -m angane se -phospha te  com plexes  
(M ar ten s  e t  a l .  1978;  C a l l e n d e r  1982;  C a l l e n d e r  and Hammond 1982; Klump and 
M ar tens  1981; Propp  e t  a l .  1 980 ) ,  Thus w h i l e  a c t i v e  r e m i n e r a 1 i a a t i o n  of  
p h o s p h a t e  may be o c c u r r i n g ,  i t  may n o t  be r e f l e c t e d  by e q u a l l y  h i g h  
p h o s p h a t e  r e l e a s e s  from t h e  s e d i m e n t s ,  u n t i l  t h e  b i n d i n g  c a p a c i t y  o f  the  
s e d im e n t s  1b e x c e e d e d .  Th i s  would r e s u l t  i n  an a p p a r e n t l y  w e a k e r  
r e l a t i o n s h i p  be tween  p h o s p h a te  r e l e a s e  and bo th  t e m p e r a t u r e  and r e s p i r a t i o n  
compared t o  thoBe r e l a t i o n s h i p s  f o r  ammonium. Large  summer p h o s p h a t e  
r e l e a s e s  a r e  o f t e n  a t t r i b u t e d  t o  t e m p o ra ry  l a t e  summer anox ic  c o n d i t i o n s  in  
t h e  lower w a t e r  column a n d / o r  a u r f i c i a l  s e d im e n t s ,  r e s u l t i n g  in  d i s s o l u t i o n  
o f  t h e  i r o n -m a n g a n e s e - p h o a p h a t e  complexes  adsorbed  t o  s e d i m e n t s ,  nnd r e l e a s e
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of  p h o s p h a t e  ( C a l l e n d e r  1982;  C a l l e n d e r  and Hammond 1982; It lump and M ar tens
1 9 8 1 ;  F ro p p  e t  a l .  1 9 8 0 ) .  Klump and Martens (1981)  measured  phospha te
- I  - 1r e l e a s e s  o f  198 u g - a t  P m  h in  e x p e r i m e n t a l  coreB a l  loved  to  become
- 2 - 1a n o x i c , compared  t o  u p t a k e  (17 u g - a t  F m h ) w h i l e  o x i c  c o n d i t i o n s  v e r e  
m a i n t a i n e d .  N ixon  e t  a l  . (1980) a l s o  obse rved  g r e a t l y  enhanced  p h o s p h a te  
r e l e a s e s  i n  c o r e s  e x p e r i m e n t a l l y  s u b j e c t e d  to  anox ic  c o n d i t i o n s .  Sediment 
c o r e s  f rom  t h e  s h o a l  s h o v e d  t h e  p r e s e n c e  o f  r e d u c e d  i r o n  o n l y  a t  d e p t h s  
g r e a t e r  t h a n  c a .  1 . 5  cm, i n d i c a t i n g  o x i c  c o n d i t i o n s .  Thus d e s o r p t i o n  
r e a c t i o n s  v o u l d  n o t  o c c u r  in  t h e  s u r f a c e  s e d im e n t s  d u r in g  th e  dayt ime 
m e a s u r e m e n t s .  Oxygen c o n c e n t r a t i o n s  g r e a t e r  t h a n  2,0 mg 1 * v e r e  m a i n t a i n e d  
in  t h e  d a r k  domes on 22 J u n e ,  when t h e  l a r g e s t  p h o s p h a te  r e l e a s e s  were  
o b s e r v e d ,  p r e c l u d i n g  t h e  p o s s i b i l i t y  of l a rg e  r e l e a s e s  r e l a t e d  to  a n o x i c  
c o n d i t i o n s .  s i n c e  t h e  maximum r e s p i r a t i o n  r a t e  va a l s o  measured on 22 June ,  
h i g h  r e m i n e r a l i x a t i o n  r a t e s  may h a v e  s a t u r a t e d  t h e  c a p a c i t y  o f  t h e  s e d im e n t s  
t o  b i n d  p h o s p h a t e .
O t h e r  f a c t o r s  a l s o  c o n t r i b u t e  t o  v a r i a t i o n  in  ammonium and p h o s p h a t e  
f l u x e s  i n c l u d i n g  b i o t u r b a t i o n , t i d a l / w a v e  pumping and o r g a n i c  m a t t e r  
i n p u t  (N ixon  e t  a l .  1976;  Boynton e t  a l ,  1980; C a l l e n d e r  1982;  C a l l e n d e r  and 
Batmnond 1902; Klump and M ar ten s  1981;  Hopkinson and W etze l  1982; Nixon and 
P i l B o n  1 9 8 3 ) .  B i o t u r b a t i o n  e f f e c t s  v e r e  not  e v a l u a t e d ,  n o r  were e f f e c t s  of  
t i d a l / w a v e  pum ping .  W h i le  h y d r a u l i c  e f f e c t s  c o u ld  be im p o r ta n t  on t h i s  
s h o a l ,  t h e i r  e f f e c t s  w e re  e l i m i n a t e d  in  t h i s  s t u d y  by t h e  dome e n c l o s u r e s .  
However ,  a v a i l a b i l i t y  o f  l a b i l e  o r g a n i c  m a t t e r  may a f f e c t  n u t r i e n t  f l u x e s  
w i t h i n  t h e  s h o a l  s e d i m e n t s .
A l th o u g h  r a t e s  o f  ammonium r e l e a s e  from sed im en ts  do no t  a p p e a r  t o  be 
c l o s e l y  r e l a t e d  t o  o v e r a l l  c o n c e n t r a t i o n s  of sed im ent o r g a n i c  m a t t e r  ( t a b l e  
3 . 3 ) ,  s h o r t - t e r m  i n p u t s  o f  l a b i l e  o r g a n i c  m a t t e r  may be im por tan t  in
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p r o v i d i n g  a s u b s t r a t e  f o r  r e m i n e r a l i s a t i o n  (N ixon  e t  a l ,  1980; F i s h e r  e t  a l ,  
1982;  Nixon and  P i l a o n  1983;  AndeTsen 1966) ,  In  a n o t h e r  s h o a l  s e d i m e n t ,  
c a r b o n  c o n c e n t r a t i o n s  r e m a in e d  c o n s t a n t  w i th  d e p t h  o v e r  t h e  f i r s t  13 cm 
( p r e v i o u s  c h a p t e r )  s u g g e s t i n g  t h a t  mos t  o f  t h e  sed im ent o r g a n i c  m a t t e r  i s  
r e f r a c t o r y ,  Nixon e t  a l .  (1980 )  found  t h a t  phosphorus  r e g e n e r a t i o n  was 
c o r r e l a t e d  w i t h  t e m p e r a t u r e  mos t  s t r o n g l y  d u r i n g  th e  v i n t e r / s p r i n g  worming,  
and t h a t  f a l l  r e g e n e r a t i o n  was l e s s  t h a n  s p r i n g  r e g e n e r a t i o n  a t  t h e  same 
t e m p e r a t u r e s .  I n  t h e i r  s t u d y ,  t h e  se d im e n t  was  a p h o t i c  and d e p e n d e n t  on 
s e d i m e n t a t i o n  f o r  a s o u r c e  o f  l a b i l e  o r g a n i c  m a t t e r .  They p o s t u l a t e d  t h a t  
s t o c k s  o f  l a b i l e  o r g a n i c  m a t t e r  a r e  e x h a u s t e d  by f a l l ,  thuB e x p l a i n i n g  t h e i r  
o b s e r v a t i o n s .  F i e h e r  e t  a l > (1962)  a t t r i b u t e d  t h e i r  v e r y  low b u t
2s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  t e m p e r a t u r e  and p h o s p h a te  r e l e a s e  f r  ** . 2  
*- , 4 )  to  p a r t i t i o n i n g  b e t w e e n  a e r o b i c  and a n a e r o b i c  p r o c e s s e s .  O c c a s s i o n a l  
l a r g e  p u l s e s  o f  p h o s p h a t e  r e l e a s e  w ere  a s c r i b e d  to  r a p i d  a e r o b i c  
m i n e r a l i z a t i o n  o f  s p o r a d i c  i n p u t s  o f  o r g a n i c  m a t t e r  a t  t h e  s e d im e n t  s u r f a c e ,  
w h i l e  s e a s o n a l  t e m p e r a t u r e  e f f e c t s  on a n a e r o b i c  m e ta b o l i s m  deepe r  i n  the  
s e d im e n t  p r o d u c e d  l o v e r ,  s t e a d i e r  r e l e a s e s  o f  p h o s p h a te  ( F i s h e r  e t  a l .
1982)-
In  a d d i t i o n  t o  i n  s i t u  a u t o t r o p h i c  p r o d u c t i o n ,  s h o r t - t e r m  s e d i m e n t a t i o n  
o f  w a t e r  column o r g a n i c  m a t t e r  d u r i n g  s l a c k  w a t e r  may p r o v i d e  a d d i t i o n a l  
s p o r a d i c  i n p u t s  o f  l a b i l e  o r g a n i c  m a t t e r  t o  t h e  sed im en t  community ( J e n n e s  
and D iu n ev e ld  1 9 8 5 ) .  Roman ( 1 9 7 8 ) ,  Roman and  Tenor* (1978 )  and B a i l  l i e  and 
Welsh (1 9 8 0 ) ,  h a v e  shown i n c r e a s e s  i n  w a t e r  column suspended  s o l i d s  due t o  
r e s u s p e n s i o n  a t  low t i d e .  The d i f f e r e n c e  b e tw ee n  h igh  and low t i d e  
c o n c e n t r a t i o n s  o f  s u spe nded  s o l i d s  i n  t h e  w a t e r  column ( f i g .  3 . 1 4 )  s u g g e s t  
t h a t  such  t r a n s i e n t  i n p u t s  a l s o  o c c u r  on t h i s  s h o a l .  The b a l a n c e d  P:R 
r a t i o s  o f  t h e  se d im e n t  and w a t e r  column communty ( t a b l e  3 . 2 )  a l s o  s u g g e s t
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F ig u re  3 . 1 4 .  C o n c e n t r a t i o n s  o f  suspended  s o l i d s  (mg 1 o v e r  t h e  sam pl ing  
p e r i o d  on s e l e c t e d  sam p l in g  d a t e s .  A, 14 H a rc h .  B. 31 May. 
C. 22 J u n e .  D.. 30 J u n e .  The v e r t i c a l  r e f e r e n c e  l i n e  
t h e  t ime o f  p r e d i c t e d  low t i d e .
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t h a t  s e d im e n t  n e t  p r o d u c t i o n  p r o v i d e s  t h e  dom inan t  i n p u t  o f  l a b i l e  o r g a n i c
m a t t e r  t o  t h e  s e d i m e n t .  S h a l lo w  s y s tem s  w i t h  c u r r e n t s  s t r o n g  enough t o
p r e v e n t  s e t t l i n g  o f  o r g a n i c  m a t t e r  and t u r b i d  enough  t o  e l i m i n a t e  an
a u t o t r o p h i c  community may h a v e  l i m i t e d  s u b s t r a t e s  f o r  m i n e r a l i z a t i o n .  Lack
o f  s u b s t r a t e  may p a r t l y  e x p l a i n  why n u t r i e n t  f l u x e s  were u n d e t e c t a b l e  a t
F i s h e r  e t  a l . ' s  (1982 )  Newport  R i v e r  s tu d y  B i t e ,
The dependence  o f  ammonium r e l e a s e  on r e s p i r a t i o n  and n e t  p r o d u c t i o n ,
r a t h e r  t h a n  t e m p e r a t u r e  would b e t t e r  e x p l a i n  t h e  o b s e r v e d  s e a s o n a l  p a t t e r n
o f  ammonium r e l e a s e .  In  May ( t e m p .  * 2 0 .8  C; HP ■ 15 and R ■ 26 mg 
- 2  - 1O^m h ) i ammonium r e l e a s e  d i d  n o t  i n c r e a s e  w i t h  i n c r e a s i n g  s p r i n g  w a t e r
t e m p e r a t u r e s ,  b u t  d i d  i n c r e a s e  s u b s t a n t i a l l y  i n  June  ( tem p .  *= 2 5 . 4 ;  NP ** 41 ,
R ■ 7 8 ) ,  a s  r e s p i r a t i o n  and n e t  p r o d u c t i o n  i n c r e a s e d  t h r e e f o l d  o v e r  May
r a t e s .  Tn O c t o b e r ,  t e m p e r a t u r e s  were  s i m i l a r  t o  t h o s e  in  May, b u t  n e t
p r o d u c t i o n  and r e s p i r a t i o n  were  2-6 t im es  g r e a t e r  ( temp.  * 2 2 , 9 ;  HP ■ 8 3 ;  R
= 4 2 ) ,  and r e l e a s e  o f  ammonium f rom th e  s e d i m e n t s  remained  high*
The s e a s o n a l  c hange s  i n  s e d im e n t  r e l e a s e  o f  ammonium a r e  d i r e c t l y
r e f l e c t e d  in  t h e  s e a s o n a l  c hange s  i n  am b ien t  w a t e r  column c o n c e n t r a t i o n s  o f
ammonium ( f i g .  3 . 9 ) ,  a l t h o u g h  w a t e r  column c o n c e n t r a t i o n s  and mean ammonium
f l u x  w e re  n o t  c o r r e l a t e d .  The l a c k  o f  c o r r e l a t i o n  c ou ld  be due t o  s e v e r a l
f a c t o r s :  s e a s o n a l  v a r i a t i o n  i n  d i r e c t i o n  o f  ammonium f l u x  between th e
s e d i m e n t s  and w a t e r ,  making c o r r e l a t i o n s  d i f f i c u l t  to  show; w a t e r  column
c o n c e n t r a t i o n s  i n t e g r a t e  ammonium i n p u t s  from many s o u r c e s  ( e . g .  a p h o t i c
s e d i m e n t s ) ,  dampening  t h e  e f f e c t s  o f  changes  i n  r e l e a s e  r a t e  from t h e  s h o a l
s e d i m e n t ;  and b e c a u s e  changes  in  w a t e r  column c o n c e n t r a t i o n s  p r o b a b l y  l a g
c h a n g e s  in  s e d im e n t  r e l e a s e  r a t e s .  A l th o u g h  r e l e a s e s  were  lower  th a n  i n  t h e
d a r k  domes,  t h e  t r a n s p a r e n t  domes n e v e r t h e l e s s  r e l e a s e d  ammonium from 31 May
- 2 - 1t h r o u g h  3 O c tober  a t  r a t e s  > 50 u g - a t  tf m h . Th is  i n d i c a t e s  d a y - t i m e
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ammonium p r o d u c t i o n  in  e x c e s s  of  m i c r o f l o r a l  p h o t o s y n t h e t i c  r e q u i r e m e n t s  
d u r i n g  summer and e a r l y  f a l l .  S ince  w a te r  column n e t  p r o d u c t i o n  d u r i n g  t h i i  
p e r io d  was accompanied  by u p ta k e  o f  ammonium ( e x c e p t  f o r  t h e  22 June  
s am pl ing  d a t e ) ,  t h e  Sumner i n c r e a s e  i n  ammonium c o n c e n t r a t i o n s  in  t h e  w a te r  
column a p p e a r  t o  be  l a r g e l y  c o n t r o l l e d  by sedim ent r e l e a s e s ,  a s  h y p o t h e s i s e d  
by Nixon e t  a l ,  ( 1 9 7 6 ) .
I n  c o n t r a s t ,  w a t e r  column n i t r a t e  c o n c e n t r a t i o n s  a r e  l a r g e l y  c o n t r o l l e d  
by w a t e r  column p r o c e s s e s  a n d / o r  a n t h ro p o g e n ic  i n p u t s .  While t h e  m a gn i tude  
of  n i t r a t e  f l u x e s  from t h e  se d im e n t s  w i t h i n  t h e  d a r k  domes ( d i s r e g a r d i n g  
d i r e c t i o n )  was c o r r e l a t e d  w i t h  the  s e a s o n a l  maximum i n  w a t e r  column n i t r a t e  
c o n c e n t r a t i o n s  ( r  “ . 8 1 ;  P < . 0 0 1 ) ,  t h e  d i r e c t i o n  o f  n i t r a t e  f l u x e s  v a r i e d .  
Nixon e t  a l .  (1976)  found no c o r r e l a t i o n  between w a t e r  column c o n c e n t r a t i o n s  
and n i t r a t e  f l u x e s ,  c o n c l u d i n g  t h a t  p e l a g i c  p r o c e s s e s  c o n t r o l l e d  n i t r a t e  
dynamics in t h e  e s t u a r y .
T h i s  i s  e v i d e n t  in t h e  s e a s o n a l  dynamics of  w a t e r  column n i t r a t e  in
Chesapeake  Bay.  D ' E l i a  e t  a l .  (1982)  have shown t h a t  n i t r a t e  actB
c o n s e r v a t i v e l y  w i t h i n  t h e  Chesapeake  Bay,  becoming p r o g r e s s i v e l y  d i l u t e d  
w i th  s e a w a te r  f rom n o r t h  t o  s o u t h .  W in te r  n i t r a t e  c o n c e n t r a t i o n s  a r e  
g r e a t e r  t h a n  50 u g - a t  1 * i n  t h e  upper  Chesapeake  and th e  P a t u x e n t  e s t u a r y ,
b u t  l e s s  t h a n  5 u g - a t  N 1  ^ a t  t h e  s h o a l  s i t e .  The  h ig h  n i t r a t e
c o n c e n t r a t i o n s  in  t h e  mid t o  upper  Chesapeake  Bay and t h e  P a t u x e n t  R i v e r  of  
t h e  u p p e r  bay ,  s u p p o r t  h ig h  n i t r a t e  u p t a k e  by t h e  s e d im e n t  i n  Hay (Boynton  
and Kemp 1965) .  Sed im ent  n i t r a t e  u p t a k e  d e c r e a s e s  w i t h  i n c r e a s i n g  s a l i n i t y ,  
r e a c h i n g  t e r o  n e a r  t h e  mouth of  t h e  Rappahannock R i v e r ,  and was p r o p o r t i o n a l  
to  t h e  w a t e r  column n i t r a t e  c o n c e n t r a t i o n s .  In  A u g u s t ,  n i t r a t e  f l u x e s  were 
low a t  a l l  t h e i r  s t a t i o n s ,  and s e d im e n t s  g e n e r a l l y  r e l e a s e d  n i t r a t e .  The 
s p r i n g  n i t r a t e  u p t a k e  a t  t h e  upper  Bay s t a t i o n s  was a t t r i b u t e d  to  coup led
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n i t r i f i c a t i o n / d e n i t r i f i c a t i o n  p r o c e s s e s , whose r a t e s  and s e a s o n a l  changes 
( s p r i n g  >> summer) were c o n s i s t e n t  w i th  t h e  obse rved  u p t a k e  o f  n i t r a t e  
( J e n k i n s  and Kemp 1904) ,
Anomalous  n u t r i e n t  r a t i o s
The a tomic  r a t i o s  f o r  oxygen consumpt ion  v s .  n i t r o g e n  and p h o spho rus
r e l e a s e  from th e  s h o a l  sed im en ts  a r e  shown in  t a b l e  3 , 2 ,  The e x p e c t e d  0:N
r a t i o  f o r  t h e  a e r o b i c  d eco m p o s i t io n  o f  o r g a n i c  m a t t e r  In s e a w a t e r  v a r i e s
f rom 1 3 .2 5 :1  i f  n i t r a t e  i s  t h e  end p t o d u c t , t o  1 7 ,25 :1  i f  ammonium i s  t h e
end p r o d u c t  ( R e d f i e l d  e t  a l .  1963) .  The a v e ra g e  0:H r a t i o s  w ere  57 ,9  (NH^-
N o n l y )  and 4 3 ,0  ( t o t a l  d i s s o l v e d  in o r g a n i c  n i t r o g e n ) ,  more t h a n  3 t im es
h i g h e r  t h a n  p r e d i c t e d .  The r a t i o s  were >. 20 on a l l  b u t  two d a y s .  R a t i o s  of
p h o s p h a t e  r e l e a s e d  v s .  oxygen consumed by t h e  s e d im e n t s  were a l s o  h i g h .  For
t h e  e n t i r e  s tu d y ,  u s i n g  o n ly  d a t a  from days  when p h o s p h a te  f l u x  was > 1 , 0  
- 2  -1u g - a t  m h , t h e  a v e r a g e  r a t i o  was 7 8 9 . 6 ,  a l s o  n e a r l y  3 t im es  t h e  e x p e c t e d  
v a l u e  ( 2 7 6 : 1 ) .
While 0:N r a t i o s  a r e  t y p i c a l l y  h i g h e r  t h a n  p r e d i c t e d  (Boynton  and Kemp 
1985 ;  Nixon e t  a l . 1976;  Boynton e t  a ) .  1980;  Raine and P a t c h i n g  1980; 
H opk inson  and Wetze l  1982; C a l l e n d e r  and Hammond 1 982 ) ,  0 :P  r a t i o s  a r e  
u s u a l l y  n e a r  t h e  e x p e c te d  r a t i o  (Nixon e t  a ) ,  1980; F i s h e r  e t  a l ,  19B2; 
H o p k in s o n  and Wetze l  1962),  r e s u l t i n g  in  n i t r o g e n  and p h o s p h o ru s  r e l e a s e  in  
r a t i o s  l e s s  than  t h e  expec ted  16:1 (Nixon e t  a l .  1976; Boynton e t  a l ,  19BD; 
H opk inson  and Wetze l  1982; Nixon e t  a l .  1 980 ) .  The r a t i o s  from t h e s e  
s t u d i e s  i n d i c a t e  t h a t  based  on r a t e s  o f  oxygen consum pt ion ,  phospho rus  i s  
r e l e a s e d  i n  e x p e c te d  q u a n t i t i e s ,  bu t  n i t r o g e n  i s  n o t .
A number o f  h y p o th e s e s  have  been  advanced  t o  a c c o u n t  f o r  t h e  "missing** 
n i t r o g e n .  Nixon e t  a l . (1976) p o s t u l a t e d  t h a t  t h e  a n o m a lo u s ly  l o v  n i t r o g e n  
r e l e a s e  r e s u l t e d  from unmeasured  f l u x e s  o f  n i t r o g e n  as  o r  N^O g a s e s  
d e r i v e d  from d e n i t r i f i c a t i o n ,  o r  from l a r g e  f l u x e s  of  d i s s o l v e d  o r g a n i c  
n i t r o g e n  (DON) from t h e  s e d i m e n t s .  Nixon e t  a l *  (1976 )  f o u n t  t h a t  DON 
f l u x e s  v e r e  s u f f i c i e n t l y  l a r g e  t o  a c c o u n t  f o r  t h e  ' m i s s i n g '  n i t r o g e n ,
Boynton e t  a l .  (1980 )  a l s o  m easu red  s e d i m e n t / w a t e r  f l u x e s  o f  DON b u t  found  
l i t t l e  n i t r o g e n  exchanged  in  t h i s  form. They a t t r i b u t e d  t h e  anom alous  Q:N 
r a t i o s  t o  e i t h e r  d e n i t r i f i c a t i o n  o r  t o  d i a g e n e s i s  w i t h i n  t h e  s e d im e n t s  
l e a d i n g  t o  g r e a t e r  b u r i a l  o f  n i t r o g e n  r e l a t i v e  t o  p h o s p h o ru s  a n d / o r  c a r b o n .  
Hopkinson and Wetze l  (1982)  found  no e v i d e n c e  f o r  s e l e c t i v e  b u r i a l  o f  
n i t r o g e n  ( c o n s t a n t  C:N r a t i o s  w i t h  d e p t h  i n  t h e  s e d i m e n t )  and a t t r i b u t e d  t h e  
anomalous  n u t r i e n t  r a t i o s  t o  n i t r i f i c a t i o n / d e n l t r i f i c a t i o n  p r o c e s s e s  w i t h i n  
t h e  s e d i m e n t ,  b a s ed  on t h e  v e r t i c a l  p r o f i l e s  o f  i n t e r s t i t i a l  w a t e r  
c o n c e n t r a t i o n s  o f  n i t r a t e  and ammonium in  th e  s e d i m e n t .  Here  r e c e n t l y ,  
Boynton and Kemp (1985) have  shown t h a t  s e l e c t i v e  b u r i a l  o f  n i t r o g e n  o c c u r s  
in  some s e d i m e n t s  o f  t h e  u p p e r  Chesapeake  Bay, b u t  t h a t  
n i t r i f i c a t i o n / d e n i t r i f i c a t i o n  p r o c e s s e s  a r e  l a r g e l y  r e s p o n s i b l e  f o r  t h e  
anomalous  r a t i o s .  S i g n i f i c a n t  r a t e s  o f  d e n i t r i f i c a t i o n  r e q u i r e  n i t r a t e  
e i t h e r  from t h e  w a t e r  column, o r  from n i t r i f i c a t i o n  w i t h i n  t h e  Bed im en t ,  an  
a e r o b i c  p r o c e s s .  Boynton and  Kemp (1985)  c o n c lu d e d  t h a t  d e n i t r i f i c a t i o n  was 
l a r g e l y  r e s p o n s i b l e  f o r  t h e  anomalous 0:H r a t i o s  t h e y  o b s e r v e d  in  May (1 8 5 :1  
HK^-N o n l y ;  o r  95 :1  NO^-N i n c l u d e d ) ,  and t h a t  t h e  r e q u i r e d  n i t r a t e  was 
s u p p l i e d  by s e d im e n t  n i t r i f i c a t i o n ,  s u pp lem en ted  by h i g h  u p t a k e  o f  n i t r a t e  
a t  t h e i r  upperm os t  bay s t a t i o n s ,  where w i n t e r  and  s p r i n g  n i t r a t e  
c o n c e n t r a t i o n s  a r e  t y p i c a l l y  h i g h .  In  t h e  up p e r  b ay ,  s p r i n g  r a t e s  of  
n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  measured  by J e n k i n s  and Kemp (1 9 8 4 ) ,  w e re
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ab o u t  e q u a l  t o  t h e  Ammonium r e l e a s e  from t h e  s e d i m e n t ,  and t h e r e f o r e  
s u f f i c i e n t l y  h igh  to  doub le  t h e  0 :N r a t i o  (Boynton and Kemp 1 9 8 5 ) .  In  
summer J e n k i n s  and Kemp (19B4) found t h a t  n i t r i f i c a t i o n / d e n i t r i f i c a t i o n  
r a t e s  were  n e a r  z e r o .  Boynton and Kemp (1985)  s u g g e s t e d  t h a t  B urner  0:H 
r a t i o s  were  more r e p r e s e n t a t i v e  o f  the  a e r o b i c  d e c o m p o s i t i o n  model b e c a u s e  
o f  t h e  l a c k  of  n i t r i f i c a t i o n / d e n i t r i f i c a t i o n .
S in c e  t h e  Tork  R iv e r  s tu d y  s i t e  a lways  had low w a t e r  column n i t r a t e  
c o n c e n t r a t i o n s  (<  5 utnol 1 t h e  w a t e r  column i s  p r o b a b l y  n o t  as  l a r g e  a
s o u rc e  o f  n i t r a t e  f o r  s e d im en t  n i t r i f i c a t i o n  aa  i t  i s  i n  the  up p e r  bay .  
N i t r i f i c a t i o n  w i t h i n  the  s h o a l  s e d im en t  p r o b a b l y  s u p p l i e s  most  o f  t h e  
n i t r a t e  n e c e s s a r y  f o r  d e n i t r i f i c a t i o n  t o  o c c u r .  C o n d i t i o n s  would a p p e a r  t o  
be f a v o r a b l e  f o r  n i t r i f i c a t i o n  i n  Hay, when t e m p e r a t u r e s  a r e  r e l a t i v e l y  warm 
bu t  b e f o r e  t h e  p e r i o d  of  peak  s ed im en t  r e s p i r a t i o n  r e d u c e s  t h e  d e p t h  o f  t h e  
o x i d i s e d  to n e  of  t h e  s e d im e n t .  The g r e a t e s t  0:N an o m a l ie s  (NH*-V o n l y )  i n  
t h i s  s t u d y  a l s o  o c c u r r e d  in  May and were  o f  t h e  same m a g n i tu d e  (124 :1  and 
223 :1 )  a s  t h o s e  r e p o r t e d  by Boynton and Kemp ( 1 9 8 5 ) .  The n e x t  h i g h e s t  r a t i o  
was 47 :1  (14 M arch) .  In c o n t r a s t  t o  d e e p e r ,  a p h o t i c  s e d im e n t s  which may 
e x p e r i e n c e  p e r i o d i c  summer a n o x i a ,  bo th  t i d a l  a c t i o n  and a u t o t r o p h i c  
p r o d u c t i o n  would m a i n t a i n  an  o x i d i z e d  s u r f a c e  l a y e r ,  a t  l e a s t  d u r i n g  th e  
day ,  a l l o w i n g  some n i t r i f i c a t i o n / d e u i t r i f i c a t i o n  a c t i v i t y  a l l  y e a r .  Even i f  
d e e p e r  a p h o t i c  sed im en ts  were  o x i d i z e d ,  t h e  d e p t h  o f  o xygena ted  s ed im en t  on 
th e  s h o a l  i s  p r o b a b l y  ouch g r e a t e r ,  a l l o w i n g  g r e a t e r  n i t r i f i c a t i o n .  This  
cou ld  e x p l a i n  why summer 0:N r a t i o s  in  t h i s  s t u d y ,  a l t h o u g h  much c l o s e r  t o  
th e  p r e d i c t e d  R e d f i e l d  r a t i o s  t h a n  in  s p r i n g ,  rem a ined  r e l a t i v e l y  h i g h .
The m a i n t a i n a n c e  of  o x ic  c o n d i t i o n s  in  t h e  s u r f a c e  sed im en t  l a y e r  may 
a l s o  e x p l a i n  t h e  anomalous  0 :P  r a t i o s  o b s e r v e d ,  th r o u g h  b i n d i n g  of 
phosphorus  i n t o  i ron -m anganese  com plexes ,  which a r e  s o rbed  t o  s ed im en ts
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p r e v e n t i n g  t h e i r  r e l e a s e  ( C a l l e n d e r  1982; C a l l e n d e r  and Hammond 1982; Klump 
and M ar tens  1981;  Nixon e t  a l .  I 9 6 0 ) .  The h ig h  Oi? r a t i o s  in  the  d a rk  
domes, t h e  weak r e g r e s s i o n  c o e f f i c i e n t  f r  ~ , 2 4 )  f o r  t h e  r e l a t i o n s h i p  
between  p h o s p h a te  r e l e a s e  and r e s p i r a t i o n ,  and th e  n o n - s i g n i f i c a n t  
d i f f e r e n c e  in  p h o s p h a te  r e l e a s e  between dome t r e a t m e n t s  a l l  su g g es t  
s i g n i f i c a n t  i n f l u e n c e s  on p h o s p h a te  r e l e a s e  by n o n - b io  l o g i c a l  f a c t o r s .
Baaed on t h e  n e t  p r o d u c t i o n  and r e s p i r a t i o n  m e a su rm e n ts , and R e d f i e l d  
r a t i o s ,  d a i l y  a u t o t r o p h i c  demand and h e t e r o t r o p h i c  s u p p ly  o f  ammonium and 
p h o s p h a te  can be e s t i m a t e d  and compared w i th  t h e  a c t u a l  d a i l y  ammonium and 
p h o s p h a te  demand and supp ly  ( t a b l e  3 , 4 ) ,  Baaed on t h e  R e d f i e l d  r a t i o s ,  
sed im ent  r e s p i r a t i o n  meets  t h e  sed im ent n e t  p r o d u c t i o n  demand f o r  n i t r o g e n  
and phosphorus  an 13 o f  21 days  (621) ; w a t e r  column r e s p i r a t i o n  mee ts  t h e  
w a te r  column n e t  p r o d u c t i o n  demand on 17 o f  21 days  (813C), and th e  t o t a l  
system n i t r o g e n  demand i s  met by t o t a l  sys tem r e s p i r a t i o n  on IB of 21 days  
(661) w i th  r e l a t i v e l y  sm al l  d e f i c i t s  ( 7 ,  16 and 431) on t h e  o t h e r  t h r e e  
d a y s .
The measured  d a i l y  f l u x e s  o f  ammonium and p h o s p h a te  show s i m i l a r  
r e s u l t s  to  t h e  c a l c u l a t i o n s  made from oxygen f l u x e s  end R e d f i e l d  r a t i o s  f o r  
th e  s e d im e n t ,  b u t  n o t  f o r  t h e  w a te r  column. N u t r i e n t  f l u x  c a l c u l a t i o n s  show 
t h a t  sed im ent ammonium r e g e n e r a t i o n  can s u p p ly  t h e  b e n t h i c  m i c r o f l o r a l  
n i t r o g e n  demand on 9 of 12 a c c a s s i o n s  (751) and th e  phosphorus  demand on 11 
o f  13 o c c a a s i o n s  (B 5 I ) .  Excess  w a te r  column r e m i n e r a 1i * a t i o n  could  have  
s u p p l i e d  t h e  s e d im e n t  d e f i c i t  in bo th  ammonium and p h o s p h a te  on 15 November 
and 8 December,  and 332 o f  t h e  ammonium d e f i c i t  on 13 A p r i l ,
The w a te r  column r e g e n e r a t e d  s u f f i c i e n t  ammonium f o r  w a t e r  column 
p h o t o s y n t h e s i s  on 7 of 12 o c c a a s i o n s  ( 3 8 2 ) ,  and s u f f i c i e n t  phosphorus  on 6 
o f  12 d a t e s  ( 3 0 1 ) .  The sed im en ts  cou ld  s u p p l y  21 -  36671 o f  t h e  ammonium
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T ab le  3 . 4 .  Comparison of  d a i l y  n i t r o g e n  ( a s  ammonium) and  phosphorus  demand
_2
and s u p p ly  ( u g - a t  N or  P a  ) c a l c u l a t e d  f rom r a t i o s  g i v e n  by R e d f i e l d  e t  
a l .  (1963) ( n e g a t i v e  demand i n d i c a t e s  n e g a t i v e  n e t  p r o d u c t i o n ,  and 
presumably  no demand), and d a i l y  demand and  supp ly  e s t i m a t e d  from measured 
r a t e s  of  n u t r i e n t  f l u x ,  where measured demand i s  t h e  a v e r a g e  f l u x  in  the  
t r a n s p a r e n t  dome t imes  the  p h o to p e r i o d  ( p o s i t i v e  v a l u e s  d eno te  r e l e a s e  from 
sed im ents  or  accum ula t ion  w i t h i n  w a te r  c o lu m n ) ,  and m easured  s u p p ly  i s  the  
ave rage  f lu x  w i t h i n  the  dark  domes t imes 24 h .  A. Sedim ent and B. w a te r  
column.
A. C a l c u l a t e d  H easured
Demand Supply  Demand Supply
N P N P M P N P..
4 March 3729 230 2347 145 151 -68 1830 227
5 March 3628 223 1800 111
14 March 2447 151 4694 289 339 5 1538 2
15 March 4173 257 3194 197
13 A p r i l 4339 267 441 27 -2078 61 411 90
23 May 2442 150 4359 268 172 13 436 66
26 May 2921 180 4994 308
31 Hay -586 -36 4624 285 949 35 516 27
22 June 5757 355 14153 872 3618 1182 B614 1815
23 June 3189 196 1321B 814
30 June 2562 158 4112 253 899 329 1178 153
28 J u ly 2840 175 11312 697
4 Aug. 15525 956 10782 664 96 67 6240 348
€5
T a b le  3 . A. C o n t i n u e d >
29 Aug. -279 -17 7694 474 625 43 8728 168
30 Aug, 3720 230 10618 666
3 Oct . 7209 444 9406 579 780 6 5551 143
4 O c t . 6966 429 5365 330
8 Nov. 10932 673 4694 289 -1 2 -70
9 Nov. 4439 273 5629 347
15 Nov, 2490 153 7465 460 -66 4 -277 i —i
B PiJJL. 6498 400 1553 96 -69 -12 -597 -47
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4 March 3712 229 3916 241 69 322 -173 -866
5 March 7095 437 4324 266
14 March 226 14 5453 336 968 -5 62 -26
15 March -14160 -872 46712 2877
13 A p r i l -1478 -91 6741 415 -867 -3 6 4 3996 -593
23 May 544 34 8488 523 -684 428 4486 115
26 Hay 6322 389 17876 1101
31 May 10363 638 14294 880 -4405 -377 -2576 333
22 June 13995 862 8788 541 4124 861 10650 50
23 June 16563 1020 5188 320
30 June -25584 -1576 16747 1032 -1616 -377 3180 -616
2B J u l y 9992 615 35947 2214
4 Aug* 8309 51 23576 1452 -5145 -134 -250 749
29 Aug. 8159 503 11735 723 -3243 -539 7543 346
30 Aug. 8284 510 27141 1672
3 O c t . 7158 441 18547 1142 -7376 589 3099 -122
4 O c t . 3699 228 10306 635
8 Nov. 2193 135 27953 1722 30 -11
9 Nov ■ -1258 -78 39776 2450
15 Nov, 7875 485 6071 374 3084 380 10657 956
8 Dec. -7144 -440 18635 1148 -53 640 2376 1056
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d e f i c i t s  (mean -  8371) ,  and 19 -  631 (mean * 32JE) of  t h e  p h o s p h a te  d e f i c i t s .  
On th e  baa 10 o f  the  a c t u a l  n u t r i e n t  f l u x  measurements  t h e  sed im en t  component  
of  the  sys tem i s  g e n e r a l l y  a b l e  t o  meet  i t s  n u t r i e n t  n e e d s .  I n  a d d i t i o n  t h e  
sed im en ts  cou ld  supp ly  s u f f i c i e n t  n i t r o g e n  to  meet  d e f i c i t s  i n  w a te r  column 
n i t m g e n  r e g e n e r a t i o n ,  b u t  on ly  a f r a c t i o n  o f  t h e  phosphorus  d e f i c i t s .
The t o t a l  system i s  g e n e r a l l y  b a l a n c e d  in  i t s  n i t r o g e n  dynam ics ,  but  
a p p a r e n t l y  r e q u i r e s  an a 1lo c h th a n o u s  p h o spho rus  s o u r c e ,  e s p e c i a l l y  in  t h e  
summer. While phosphorus  may not  l i m i t  w a t e r  column p r o d u c t i o n ,  i t  does  
appear  to  be much more t i g h t l y  c y c l e d ,  e x p l a i n i n g  why ph o s p h o ru s  
c o n c e n t r a t i o n s  do not  show t h e  l a r g e  summer i n c r e a s e  found  f o r  ammonium 
c o n c e n t r a t i o n s ,
The me tabo l i sm  of  t h e  s hoa l  s e d im e n t  can be  r e p r e s e n t e d  by t h e  s im ple  
model shown in  f i g -  3 . 1 3 .  The p r i n c i p a l  f e a t u r e s  r e p r e s e n t e d  a r e  t h e  h ig h  
r a t e s  of  m i c T o f lo r a l  n e t  p r o d u c t i o n  which  s u p p o r t s  e x t e n s i v e  h e t e r o t r o p h i c  
a c t i v i t y  and c o n c o m i t t a n t  r e t a i n e r s l i x a t i o n  o f  ammonium and p h o s p h a t e .  Much 
o f  the  r e m i n e r a l i z e d  ammonium i s  r e c y c l e d  in  t h e  s ed im en t  and much 
r e m i n e r a l i x e d  phospha te  i s  t r a p p e d  in  t h e  s e d i m e n t s  t h ro u g h  a o r p t i v e  
p r o c e s s e s ,  by m a i n t a i n a a c e  o f  o x ic  c o n d i t i o n s  in  t h e  s e d im e n t  s u r f a c e  
th rough  m i c r o f l o r a l  p h o t o s y t h e s i s .
Monthly and annual  e s t i m a t e s  o f  t h e  d a y - t i m e  f l u x e s  of  oxygen ,  ammonium 
and phospha te  can  be c a l c u l a t e d  f o r  t h e  York R iv e r  sedimentB w e ig h te d  by 
p h o t i c  c h a r a c t e r i s t i c s ,  and compared t o  a h y p o t h e t i c a l  s i t u a t i o n  in  which 
a l l  the  bot tom a r e a  i a  c o n s i d e r e d  a p h o t i c .  The r e s u l t s  of  t h e s e  
c a l c u l a t i o n s  a r e  shown i n  t a b l e  3 , 5 .
As shown in t a b l e  3 , 5 ,  d u r i n g  t h e  d a y l i g h t  h o u r s ,  York R i v e r  s e d im e n t s  
would consume 851 more oxygen  and r e l e a s e  31JE more ammonium and 30X more 
phospha te  than  under t h e  p r e s e n t  e u p h o t i c  c o n d i t i o n s  m a i n t a i n e d  i n  t h e  s h o a l
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F ig u r e  3 . 1 5 .  A c o n c e p t u a l  model o f  t h e  m a jo r  f low s  o f  m a t t e r / e n e r g y  in  the
s h o a l  s e d im e n t .  Average r a t e s  o f  n e t  p r o d u c t i o n ,  r e s p i r a t i o n
(mg Ojin *) and f l u x e s  o f  n i t r o g e n  ( u g - a t  m 2h
- 3  -2  -1and phosphorus  ( u g - a t  PO^ **P m h ) o v e r  t h e  s tu d y  a r e  a l s o  
g i v e n .  F luxes  w i t h i n  t h e  d a r k  domes a r e  shown i n  p a r e n t h e s e s ,  
p o s i t i v e  v a l u e s  d e n o t e  r e l e a s e  from t h e  s e d i m e n t s .
M DIM! M
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a r e a s , Shoal  s e d im e n t s  p l a y  an  im p o r t a n t  r o l e  in  o x y g e n a t i o n  of  t h e  e s t u a r y  
and in  U n i t i n g  r e l e a s e s  o f  i m o n i r a  and p h o s p h a t e  from t h e  s e d i m e n t s . 
However,  i n c r e a s i n g  e u t r o p h i c a t i o n  nay  l i m i t  t h e  e x t e n t  o f  e u p h o t i c  s h o a l  
a r e a s  th r o u g h  i n c r e a s e d  t u r b i d i t y ,  o r  d e c r e a s e  t h e  o x y g e n a t i o n  p r o v i d e d  by 
t h e  s h o a l  a r e a s  t h ro u g h  i n c r e a s e d  h e t e r o t r o p h i c  m e ta b o l i s m  m e d i a t e d  by l a r g e  
a l l o c h t h a n o u s  i n p u t s  o f  o r g a n i c  m a t t e r .  D e c re a s e d  s e d im e n t  n e t  p r o d u c t i o n  
may r e s u l t  i n  l e s e  ammonium u p t a k e  by t h e  s h o a l  s e d im e n t s  and i n c r e a s e d  
s e d im e n t  a n o x i a .  I n c r e a s e d  s e d im e n t  a n o x ia  may a l s o  r e s u l t  i n  g r e a t e r  
r e l e a s e s  o f  p h o s p h a t e  from t h e  s e d i m e n t s .  R e l a t i v e  t o  o t h e r  t y p e s  o f  
e u b t i d s l  s e d i m e n t s ,  s h o a l  a r e a s  a r e  r e a d i l y  a c c e s s i b l e  f o r  s t u d y .  C o n t i n u a l  
m o n i t o r i n g  o f  t h e  n u t r i e n t  e xcha nges  and oxygen dynamics  o f  s h o a l  s e d im e n t s  
may a l lo w  e a r l y  d e t e c t i o n  o f  e u t r o p h i c a t i o n  i m p a c t s .  Comparison o f  t h e  
community m e ta b o l i s m  o f  s h o a l  s e d im e n t s  i n  r e l a t i v e l y  u n e n r i c h e d  a r e a s  l i k e  
t h e  York R i v e r  to  more im pac ted  a r e a s  may a l s o  y i e l d  new i n f o r m a t i o n  on t h e  
co n s e q u e n c e s  of  e s t u a r i n e  n u t r i e n t  e n r i c h m e n t .
CHAPTER 4 
SUMMARY AN CONCLUSIONS
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Susmary and C o n c lu s io n s
Hourly e s t i m a t e *  of  oxygen m e ta b o l i s m  v a r i e d  s i g n i f i c a n t l y  o v e r  
d i u r n a l , d a y - t o - d a y ,  t i d a l  and i M i a m l  s c a l e s .  Some of t h e  f a c t o r s  
im p o r tan t  t o  m e ta b o l i s m  ( e . g .  t e m p e r a t u r e ,  and l i g h t )  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  between morn ing  and a f t e r n o o n ,  or  d a y - t o - d a y ,  and o t h e r  i m p o r t a n t  
f a c t o r s  ( e . g .  c h i .  and g r a z i n g )  v a r i e d  o n ly  s l i g h t l y  over  such  b r i e f
p e r i o d s .  V a r i a b i l i t y  o v e r  e h o r t - t e r m  s c a l e s  i s  most  l i k e l y  r e l a t e d  t o
*
endogenous m e ta b o l i c  c y c l e s  be tween m u t u a l i y - d e p e n d e n t  a u t o t r o p h i c  and 
h e t e r o t r o p h i c  c o m n u n i t i e a , and t o  p h y s i o l o g i c a l  changes  r e l a t e d  to  t h e  
h i s t o r y  of  t h e  c o m m u n i t i e a .
V a r i a b i l i t y  i n  oxygen m e t a b o l i s m  o ver  l o n g e r  t im e  s c a l e s ,  e . g .  t i d a l  
and s e a s o n a l  s c a l e s  were r e l a t e d  t o  changes  in  exogenous v a r i a b l e s .  On a 
t i d a l  s c a l e ,  mean h o u r l y  n e t  p r o d u c t i o n  was h i g h e r  on days  w i t h  m id -day  low 
t i d e s .  A l though  t h i s  d i f f e r e n c e  was n o t  s i g n i f i c a n t ,  a r e a l  d i f f e r e n c e  was 
p robab ly  o b s c u re d  by t h e  h ig h  v a r i a b i l i t y  in  n e t  p r o d u c t i o n  found on d i u r n a l  
and d a y - t o - d a y  s c a l e s .  PAR and r e s p i r a t i o n  w ere  b o th  s i g n i f i c a n t l y  g r e a t e r  
d u r i n g  mid-day low t i d e s .  Improved l i g h t  c o n d i t i o n s  p r o b a b l y  caused  t h e  
i n c r e a s e  i n  ne t  p r o d u c t i o n  found on days  w i th  m id-day  low t i d e s  and 
r e s p i r a t i o n  p r o b a b ly  i n c r e a s e d  i n  a co u p le d  r e s p o n s e  to  t h e  i n c r e a s e d  n e t  
p ro d u c t  i o n ,
On a s e a s o n a l  s c a l e ,  r e s p i r a t i o n  was s i g n i f i c a n t l y  r e l a t e d  to  
t e m p e r a t u r e ,  and n e t  p r o d u c t i o n  waa d i r e c t l y  r e l a t e d  to  c h i .  c o n c e n t r a t i o n ,  
which was s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  f r e q u e n c y  of  s e v e r e  w in d s .  T h u s ,  
t h e  exogenous v a r i a b l e s  o f  PAR, t e m p e r a t u r e  and wind ( t h r o u g h  im pac ts  ou 
c h i . ) ,  c o n t r o l l e d  oxygen  m e ta b o l i s m  by t h e  s e d i m e n t s  in  t h i s  s t u d y ,  b u t  o n ly
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o v e r  t i m e  s c a l e *  g r e a t e r  t h a n  one w eek . On s h o r t e r  a cm le i  endogenous 
m e t a b o l i c  change*  c o n t r o l  v a r i a b i l i t y  in  oxygen m e ta b o l i s m .
The h ig h  v a r i a b i l i t y  on a b o r t - t e r m  s c a l e s ,  t h e  l a c k  o f  c o n t r o l  by 
exogenous  v a r i a b l e *  on s h o r t - t e r m  s c a l e s ,  and t h e  i n t e r a c t i o n  b e t v e e n  t h e s e  
f a c t o r s  and t y p i c a l  s a m p l in g  d e s ig n *  (m o n t h ly ,  b r i e f  i n c u b a t i o n s )  were  found 
t o  have  a number o f  i m p l i c a t i o n s :
1. A r e l a t i v e l y  few samples  a r e  r e q u i r e d  t o  e s t i m a t e  an n u a l  changes  in  
p r o d u c t i o n .  Samples t e n d  t o  " a v e r a g e  o u t "  and y i e l d  a i m i l a r iannua 1
4
e s t i m a t e s ,  and a s i g n i f i c a n t l y  i n c r e a s e d  sa m p l in g  e f f o r t  ( o r d e r  o f  
m a g n i t u d e )  d i d  n o t  improve  t h e  a n n u a l  e s t i m a t e  o f  oxygen m e ta b o l i s m ,  bu t
2 .  S am p l in g  d e s i g n s  which do n o t  i n c o r p o r a t e  s h o r t - t e r m  v a r i a b l i t y  in  
oxygen  m e ta b o l i s m  show v e ry  d i f f e r e n t  s e a s o n a l  p a t t e r n s  of  change  t h a n  
d e s i g n s  i n c o r p o r a t i n g  v a r i a b l i t y  in  imbedded t im e  s c a l e * .
3 .  Real  e f f e c t *  of  exogenous  v a r i a b l e s  may be o b s c u re d  by hi. r 
endogenous  v a r i a b i l i t y  in  in  s i t u  s i t u a t i o n s .  For  exam ple ,  r e g r e s s i o n s  o f  
i n d i v i d u a l  oxygen m e ta b o l i s m  m easu rem en ts  on i n s t a n t a n e o u s  v a l u e s  o f  
exogenous  v a r i a b l e s  may show n o n - s i g n i f i c a n t ,  o r  s i g n i f i c a n t  bu t  weak 
r e l a t i o n s h i p s  be tw ee n  t h e  v a r i a b l e s .
I f  a n n u a l  g r o s s  p r o d u c t i o n  i s  c a l c u l a t e d  f o r  t h e  m i c r o f l o r a l  
c o m m u n i t ie s  o f  t h e  s h o a l  s e d im e n t s  in  t h e  York R i v e r ,  and f o r  t h e  w a te r  
column ( a s s u m in g  a 2 m e u p h o t i c  zone)  u s i n g  t h e  a n n u a l  e s t i m a t e s  f rom t h i s  
s t u d y ,  and t h e  a r e a l  e s t i m a t e *  g iv e n  in  t h e  s tu d y  s i t e  s e c t i o n ,  t h e  s h o a l  
s e d i m e n t s  s u p p l y  151 ,  and t h e  s h o a l  w a t e r  column 1AI of  t h e  t o t a l  an n u a l  
m i c r o f l o r a l  p r i m a r y  p r o d u c t i o n  o f  t h e  York R i v e r .  By way of c o m p a r i s o n ,  
submerged  a q u a t i c  v e g e t a t i o n  c o n t r i b u t e s  o n l y  81 o f  t h e  b e n t h i c  m i c r o f l o r a l  
p r o d u c t i o n  b a s e d  on r e c e n t  e s t i m a t e s  o f  SAY abundance  i n  t h e  York R i v e r  (238
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ha ;  O r t h  f t  a ] .  1964) ,  and t h e  annual  p r o d u c t i o n  e s t i m a t e  o f  F e n h a l e  (1 9 7 7 ;
3 30  g C w " 2y - 1 ) .
D a i l y  se d im e n t  community g r o s s  p r o d u c t i o n  e x c e e d e d  r e s p i r a t i o n  on more  
t h a n  751 of  t h e  sam pl ing  d a t e s ,  w h i le  a u t o t r o p h  ic  on o n l y  33X o f  a l l  
s a m p l i n g  d a t e s .  In  many e s t u a r i e s ,  s e d i m e n t s  r e p r e s e n t  s o  oxygen  s i n k ,  but  
t b e  e h o a l  s e d im e n t s  r e p r e s e n t  a s i g n i f i c a n t  s o u r c e  o f  oxygen  t o  t h e  e s t u a r y ,  
even i n  sunmer ,  when b i o g e n i c  oxygen p r o d u c t i o n  i s  e s p e c i a l l y  i m p o r t a n t  
b e c a u s e  wind m ix in g  i s  r ed u ce d .
C o n c o m i t t a n t  w i th  oxygen p r o d u c t i o n  i n  t h e  t r a n s p a r e n t  domes,  ammonium 
and p h o s p h a t e  were a l s o  g e n e r a l l y  r e l e a s e d .  However,  t h e  r a t e  o f  ammonium 
r e l e a s e  was s i g n i f i c a n t l y  l e s s  th a n  t h a t  w i t h i n  t h e  d a r k  domes.  T h i s  
d i f f e r e n c e  was p r o b a b l y  due to  m i c r o f l o r a l  u p t a k e .  R e l e a s e  r a t e s  o f  
ammonium w i t h i n  t b e  d a rk  domes w ere  s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  o t h e r  
a p h o t i c  s e d i m e n t s .  However,  0:N r a t i o s  i n d i c a t e d  l e s s  ammonium was  r e l e a s e d  
frnm t h e  d a rk  domes than  e x p e c t e d  on t h e  b a s i s  o f  r e s p i r a t i o n .  T h i s  may i n  
p a r t  by due to  co u p le d  n i t r i f i c a t i o n / d e n i t r i f i c a t i o n  p r o c e s s e s ,  
n i t r i f i c a t i o n  would by f a v o r e d  by o t i c  c o n d i t i o n s  i n  t h e  s u r f a c e  s e d i m e n t s ,  
and se d im e n t  P:R r a t i o s  i n d i c a t e  t h a t  o x i c  c o n d i t i o n s  c o u l d  be m a i n t a i n e d  by 
m i c r o a l g a l  p h o t o s y n t h e s i s  ove r  a 24 h s c a l e  on mos t  d a y s .  I n  a d d i t i o n  t o  
i n f l a t i o n  of  0 :H  r a t i o s ,  m a i n t a i n a n c e  o f  a n  o x i c  s u r f a c e  l a y e r  a l s o  r e s u l t s  
in  t r a p p i n g  o f  p h o s p h a te  i n t o  i r o n - m a n g a n e s e - p h o s p h o r u s  c o m p lex es  s o r b e d  t o  
s e d i m e n t s .  S i n c e  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  r e l e a s e  r a t e s  of  
p h o s p h a t e  be tw een  t r a n s p a r e n t  and dark domes,  t h e  h i g h  0 : P  r a t i o s  o b s e r v e d  
a r e  p r o b a b l y  due  t o  t r a p p i n g  o f  p h o s p h a t e  i n  t h e  s e d i m e n t .  W hi le  s e d im e n t  
t r a p p i n g  o f  p h o s p h a t e  in  a p h o t i c ,  ox ic  s e d i m e n t s  i s  w e l l  known, a p h o t i c  
s e d i m e n t s  a l s o  o f t e n  e x p e r i e n c e  p e r i o d s  o f  a n o x ia  in  summer,  accom pan ied  by 
l a r g e  e p i s o d i c  r e l e a s e s  o f  p h o s p h a t e  from t h e  s e d i m e n t .
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The s h o a l  s e d im e n t s  o f  t h e  York R iv e r  d i f f e r  m a rk e d ly  from a p h o t i c  
e s t u a r i n e  sed im en t*  in  f l u x e s  o f  oxygen ,  ammonium and p h o s p h a t e .  They a r e  
g e n e r a l l y  oxygen s o u r c e s  r a t h e r  t h a n  a i n k * ,  due  to  t h e  p r e s e n c e  o f  t h e  
m i c r o f l o r a l  c o m u u i t y .  P o t e n t i a l  r e l e a s e s  o f  ammonium and p h o a p h a t e ,  
r e p r e a e n t e d  by dark  dome f l u x  r a t e s ,  a r e  a i m i l a r  to  r a t e a  m e asu re d  in  
a p h o t i c  a r e a a ,  bu* b e c a u se  o f  t h e  p r e s e n c e  o f  an  a u t o t r o p h i c  community,  much 
o f  t h e  r ( m i n e r a l i t e d  ammonium i s  t a k e n  up by th e  m i c r o f l o r a .  A l s o  due  t o  
s e d im e n t  o x y g e n a t i o n  by th e  m i c r o f l o r a ,  much o f  t h e  r e m i n e r a l i x e d  p h o s p h a t e  
i s  t r a p p e d  v i t b i o  t h e  s e d i m e n t .
I f  n u t r i e n t  en r i c h m e o n t  i n c r e a s e s  in  t h e  York R i v e r ,  t u r b i d i t y  may 
i n c r e a s e  to  t h e  p o i n t  v h e r e  t h e  s ed im en t  m i c r o f l o r a l  c o m m u n i t ie s  o f  t h e  
a h o a l s  a r e  r educed  o r  e l i m i n a t e d ,  a n d / o r  o r g a n i c  m a t t e r  i n p u t s  t o  t h e  
s e d i m e n t s  may i n c r e a s e  h e t e r o t r o p h i c  b iom ass  and m e ta b o l i s m  r e l a t i v e  t o  r a t e  
o f  a u t o t r o p h i c  p r o d u c t i o n  (P :R r a t i o s ) ,  r e s u l t i n g  i n  d e c r e a s e d  o x y g e n a t i o n  
o f  t h e  s h o a l  s e d i m e n t s .  I n  a d d i t i o n  t o  a f f e c t i n g  t h e  oxygen  dynamics  o f  t h e  
e s t u a r y ,  e l i m i n a t i o n  o r  r e d u c t i o n  i n  t h e  e x t e n t  o f  t h e  m i c r o f l o r a l  community 
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